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...IN a compact, low-maintenance conductor system 
for heavy-current industrial applications 


eel « mductor 
ot the Ringsdortt 
East McKeesport Pa 


man cconomiles In con 


For more information 


tol 
users as trave ling cral 
mono ils using ¢ ither a-c or d~ 
Che system is simple and compact 
One basic steel shape provides strength 
Te simplifies installation. Over it is 
cold drawn the coppel head of ex 
truded Anaconda ETP ( oppel LOO, in 
the size to meet individual current r¢ 
quirements ( opper headed conduc 
tor rail. left, 500 amps; right, 1500 
imps installa 


tion is easier than with aluminum rails 


Less space Is needed 


Long life and low maintenance. The 
spec ial Ringsdorff carbon graphite used 
in sliding contacts has an affinity to 
copper, putting down a film that lubri 
cates its passage and protects the rails 
Wear on the copper head is negligibl 


xls of 20 to 25 vears. Onh 


maimtenance 1s replacement of carbon 


shoes having an average life 


up to 3 
vears. Aluminum rails must be pro 
tected by lubrication or thev will wear 
] 


and pit when out of use for a pe riod 
may develop an insulating oxide film 
illustration of the 


unique properties ot copper 


This is another 
wav the 
we being utilized in industry to do 
things better—at lower cost. Anaconda 
has teams of spe ialists available to sit 
down with members of vour organiza 
tion to he Ip select the allovs and forms 
of metal to solve vour value analvy- 
sis probl ms, For such technical help 
see your Anaconda representative, or 
Anaconda American Brass Com 
Waterbury 20, Conn. In Canada 
American Brass Ltd., New 


Ontario 6147 


write 
pray 
, ’ 
Anaconda 


Poronto 


COPPER BRASS BRONZE NICKEL SILVER MILL PRODUCTS 


Anaconda American Brass Company 


turn to Reader Service card, circle No. 347 





WILLIAM P. WINSOR 


PUBLISHER 


H. R. CLAUSER 


EoIToR 


vm un |venu Materials 


in Design Engineering 


FORMERLY MATERIALS & METHODS 


APPLICATION OF METALS, NONMETALLICS, FORMS, FINISHES 





JOHN B. CAMPBELL 
MANAGING EDIT 
ROBERT J. FABIAN 
ASSOCIATE EDITO 
DONALD PECKNER 
ASSOCIATE EDIT 
MALCOLM W. RILEY 
ASSOCIATE EDIT 
JOHN A. MOCK 
ASSISTANT EDIT 
ROBERT B. TRAVIS 
ASSISTANT EDITOR 
WALTER LUBARS 
EDITOR, MATERIA 
WAYNE TRAPP 


ART RECTOR 





M. RANDOLPH LONG 
ADVER NG A 
JOHN Y. CUNNINGHAM 
RESEARCH & PROD 
DAVID N. WHITCOMBE 
R ATION MANAGER 
SUE FELDMAN 
BSCRIF 


N MANAGER 


JOHN A. KOVCHOK 


ANAGER 


WILLIAM SCOLLON 


ADVERT F 


E. M. WOLFE 


ANA 





PUB ED BY 
REINHOLD PUBLISHING CORP. Sg 


430 PARK AVE., NEW YORK 22, N. Y¥ 
RALPH REINHOL HAIRMAN OF THE BOARC 


ENT & TREASURER 


KA ARKE FCRETARY & A TREASURER 


Ff. P. PETE 





EERING 
SUBSCRIBERS 

ENCE AN 

N OF N ENGINEERIN 430 PARK AVE 
YORK 22, N 3IVING AS we A EW 
ADDRESS, AND INCLUDING CITY POSTAL DELIVERY ZONE 
IF POSSIBLE EN SE LATEST ADORE ABEL 
ALLOW TWO MONTHS FOR CHANGE 


PYR 





SPECIAL REPORT 





New Directions in Materials Testing 


A 32-page critical analysis of the present status and 
growing trends of our testing and evaluation methods 


Strength, Stiffness, Ductility and Toughness 
Resistance to Deterioration 

Friction Properties and Wear Resistance 
Color, Gloss and Texture 

Magnetic Properties 

Dielectric Properties 


Semiconductor Properties 


What’s New in Materials 


At a Glance 


Two Boron Silicides 


Excellent oxidation and thermal shock resistance to 2500 F 


Plastics Assemblies Used in Electronic Wrist Watch 


Tiny housings are first plastics uscd in watch movements 


Powder Metallurgy Slashes Cost of Armature 


Costs reduced 72% over previous method 


Plastic Wing for a Guided Missile 


Reinforced plastic proves superior to cast aluminum 


Forgings Cost 10-20% Less 


Automatic forging setup promises lower production costs 


Other Contents 


Materials Engineering & Design 


At a Glance 


Acetal Moldings vs Zinc Die Castings 


An objective appraisal of their relative merits 


Functional Styling with Wire 


Formed wire assemblies have clean, functional appearance 


Try Wood for Corrosion Resistance 


Properly used, wood provides low-cost, long-life components 
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This Month’s Cover by Wayne Trapp. Photo show- 
ing specimen at instant of fracture was taken espe- 
cially for us by Materials Laboratories, Westinghouse 
Electric Corp. 


=> The blueprint shown above is for a phono- 


graph motor toggle link pressed from brass 
mS powder by American Powdered Metals Inc. 


for the General Industries Company. Why 

blueprint for two? Because it combines 2 
design functions — structural support and cam surface— 
in a single part. Because powder metallurgy is the only 
economically practical way to make this part—and it 
could not have been achieved without design teamwork 
between the customer and the metal powder fabricator. 


Teamwork produced a -_ r 


precise, intricate part oe 

assuring exact turntable 

speed and providing a 

cam surface which con- 

trols speed selection. 

The cam surface must be smooth and accurate—and 
stay that way. Holes must parallel and round to within 
.0005” total indicator reading. Hole centerlines must be 
parallel to each other within .002” T.I.R. Brass powder 
supplies the properties necessary for these requirements 
with its ideal combination of structural strength and 
self-lubrication. 


Working together, the metal powder fabricator and 
design engineer make economical mass production of 
critical parts a reality. And we also mean ‘‘critical’’ in the 
sense that a whole is no better than the quality of its 
most prosaic part. For more information about the 
design, application and advantages of nonferrous metal 
powder parts, write today to The New Jersey Zinc Com- 
pany for your copy of ‘“‘Designing For Pressed Brass and 
Nickel Silver Parts.” 
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| 160 FRONT STREET + NEW YORK 38. N. ¥ 
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How Nickel Stainless Steel “lightweights” 
curb Philadelphia subway costs by $6.4 million 


Commuters using the Market-Frankford 
elevated subway line in Philadelphia 
are smiling these days. So are transit 
authorities. That’s because the line’s 
new subway cars are the most modern 
in design for passenger comfort... and 
the most economical the city could buy. 
Compared to competitive subway 
cars, during a 35-year depreciation 
period these new Nickel Stainless Steel 
cars will: 
Operate on $2.4 million less power. 
They are solidly constructed, yet are so 
light they run on 12% less electric 
power than conventional cars based on 
the same specifications but fabricated 
from other materials. 
Require $4 million less maintenance. 
Designed and built from Nickel Stain- 
less Steel by The Budd Company to 


specifications set by the City of Phila- 
delphia and the Philadelphia Transpor- 
tation Company, these cars need no 
painting and virtually no exterior main- 
tenance . . . because Nickel Stainless 
Steel resists corrosion and retains its 
handsome finish. 

And because they are the lightest cars 
for their size ever built, they: 
Help cut running time by 6 minutes. 
Thanks to the excellent combination 
of stiffness and high strength found in 
Nickel Stainless Steel, their thinner- 
gauge body shells reduce costly dead- 
weight and make it easier for powerful 


motors to increase acceleration and 
braking rates. 

Can Nickel alloys save you money? 
Alone or with other elements, Nickel 
improves hundreds of alloys, making 
possible almost any desired combina- 
tion of properties for meeting specific 
service demands...while reducing long- 
term costs. For a guide to information 
about Nickel, its alloys, and their indus- 
trial applications, send for our catalogue 
of publications. Ask for List “A”. 


The International Nickel Company, Inc. 
67 Wall Street »4>, New York 5, N. Y. 


Inco Nickel 


Nickel makes alloys perform better longer 


For more information, turn to Reader Service card, circle No. 363 
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...AT A GLANCE 


Titanium-clad steel plates are now available in thicknesses up to 1% in., with a 
maximum cladding thickness of 3/16 in. Plate sizes range from 4 to 8 ft wide and 
12 to 24 ft long. Plates are clad by hot rolling layers of titanium onto steel plates. 
Surfaces are kept clean by purging steel and titanium in argon gas before rolling. 


Source Lukens Steel Co,., Coatesville, Pa. 


A new class of silicone fluids has been developed. Nitrile groups in the fluids are 
said to give them high polarity which results in such properties as solvent resistance, 
limited electrical conductivity and high dielectric constant. The fluids have a dielec- 
tric constant ranging from 3 to 20 at 60 cps, compared to 2.5 to 3.0 for standard 
silicone fluids. Potential uses: base stocks for solvent resistant greases and coatings, 
and additives for plastics. 


Source: General Electric Co., Silicone Product 


Large single crystals of zinc are available for nuclear and electronic applications. 
dia by 5 in. high. Price is $100 per lb. 


The crystals weigh 30 lb and are 5 in. in 


Source Semi-Elements, Inc Saxonburge Blvd., Saxonburg, I 


A new air drying primer for metals, described as a resinous, modified styrene-buta- 
diene latex, has excellent resistance to water and salt spray. Metals coated with the 
primer have shown no traces of corrosion after 100 hr of continuous exposure to 
salt spray. The primer dries to a clear, non-tacky film that has high tensile strength. 


Source: Goodyear Tire & Rubber Co., Chemical D Akron 16, Ohic 


A filament wound glass-epoxy tubing is said to have burst strengths that exceed 
those of conventional G-10 grades of glass-plastics tubing by about 3 to 1. The new 
tubing is recommended for switchgear, high voltage fuse tubes and other parts 
requiring high burst strength. 


Source: Spaulding Fibre Co., Inc., 310 Wheeler St 


A new tool steel can be heat treated to a tensile strength of over 350,000 psi. The 
developer says the steel has good ductility and impact strength at this high strength 
level. Other advantages include good machinability and low hardening temperature. 


Source: Carpenter Steel Co., 101 W. Bern St., Reading, Pa. 


A rigid high temperature adhesive with high electrical resistance and low thermal 
conductivity can be used at temperatures up to 1000 F. The new material is expected 
to be used as a structural adhesive and for coating and encapsulating electronic 


parts. Composition has not been revealed. 
Source: Radiation Applications Inc., 36-40 37th St., Long Island City 1, N. Y. 


A new, self-extinguishing urethane foam has been introduced recently. Fire resist- 
ance of the rigid foam is obtained by building a high chlorine content into thé poly- 
mer, rather than by using additives. The material is classed as self-extinguishing 
in accordance with ASTM D1692 and has a burning rate of 0.75 in. per min by 
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@ Clevite sealed sleeve cartridges using an oil seal of 
Hycar are manufactured by Cleveland Graphite 
Bronze division of Clevite Corporation, Cleveland, 
Ohio. B.F .Goodrich Chemical Company supplies the 
Hycar nitrile rubber for molding into seals. 


PUTS 


A SEAL 
ON 
“HOT BOX” 
ELIMINATOR 


Inspection of the working parts of this 
sealed sleeve bearing cartridge is 
necessary just once every nine years, 
according to the manufacturer. Be- 
yond this, the only maintenance 
needed to assure against freight car 
“hot boxes’”’ is an annual check of oil 
levels. Fitted against the journal inside the housing is 
a positive oil seal made of Hycar nitrile rubber which 
permanently retains the lubricant. 

The manufacturer says, “Without question, there 
isn’t a seal that compares with this one.’’ He’s referring 
to the outstanding resistance to abrasion, to oils and 


B.EGoodrich Chemical Company 
a division of The B.F.Goodrich Company Rub yy Late 


For more information, turn to Reader Service card, circle No. 352 
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other hydrocarbons and to heat offered 
by Hycar. Years of service under 
these tough conditions won’t affect 
the resilience or effectiveness of these 
seals. The properties of Hycar solve 
a tough molding problem, too. 

Hycar Seal Here’s another example of how 
Hycar improves present products, sometimes makes 
possible entirely new products for new markets. Can 
Hycar help solve your problem? Write for information— 
Department MI-3, B.F.Goodrich Chemical Company, 
3135 Euclid Avenue, Cleveland 15, Ohio. In Canada: 


Kitchener, Ontario. 
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... AT A GLANCE 


ASTM D757. The new foam also passes the self-extinguishing requirements of 
Underwriters Laboratories Bulletin, Subject 94. It has a k factor of 0.1 Btu/hr/sq 
ft/°F/in. which is reported to be extremely stable on aging of cut specimens. The 
developer says the new foam system is competitive in cost with fluorocarbon-blown 


polyether systems. 


Source: Hooker Chemical Co., 704 47th St., Niagara Falls, N. Y. 


Rolled structural shapes made from quenched and tempered alloy steels are now 
available. The new shapes are heat treated to design strengths as much as three 
times that of structural carbon steel. Furnished in standard I-beams, channels and 
angles, and in lengths up to 40 ft, the shapes are produced from such steels as T-1 
and T-1 type A constructional alloy steels, 9% nickel steel for cryogenic uses, and 
HY-80 naval armor steel. 


Source: United States Steel Corp., 525 ’enn Pl, Pittsburgh 30. 


A newly developed colloidal alumina can be used to improve the heat resistance: 
and strength of a number of engineering materials. The alumina disperses and 
swells in water to form a stable colloid. Tests show the colloid 1) increases the 
thermal stability of glass fibers and firebrick coatings, 2) makes synthetic fabrics 
water repellent and stain resistant, and 3) strengthens paper, ceramics and foam 
rubber. Currently available in developmental quantities, the material sells for $3.50 
per lb. 


Source: E. I. du Pont de Nemours & Co., Inc., Industrial and Biochemicals Dept., Wilmington 98, Del. 


A new flame-retardant epoxy resin is designed for hot melt castings and dry lay-up 
laminating systems. A laminate made of the resin was self-extinguishing in 7 sec 
when tested in accordance with ASTM D635. Combined with aromatic amine or 
anhydride hardeners, the epoxy forms cured systems that have physical, electrical 
and chemical properties similar to those of conventional epoxies. The resin is semi- 
solid at room temperature and requires only moderate heating to become a readily 


pourable liquid. 


Source: Union Carbide Plastics Co., Div. of Union Carbide Corp., 270 Park Ave., New York 17. 


A new aluminum-silicon casting alloy is said to have high yield strength, good 
dimensional stability, and good fatigue and shock resistance. Tests show the alloy 
is dimensionally stable to 0.00001 in. per in. after stress relieving at 700 F. The 
aluminum alloy is particularly suited for castings used in computers, aircraft, mis- 
sile guidance systems and electronic equipment. (More details in a forthcoming 
issue.) 


Source: William J. Jobbins, Inc., Aurora, Il. 


A series of asbestos-phenolic molding compounds are recommended for ablation 
applications. Two grades are available: a general purpose compound for use up to 
3500 F and a high temperature compound for use up to 6000 F. Some typical appli- 
cations are insulations for re-entry vehicles and rocket motors. 


Source: U.S. Polymeric Chemicals, Inc., Canal & Ludlow Sts., Stamford, Conn. 


Turn to page 9 for more “What’s New in Materials” 
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Designed in Fortiflex...tor ermco-Gencrx 


metals and other materials in components, with product im- 


This blow-molded unit stores and dispenses detergents and 
bleaches in Philco-Bendix Duomatic, washer-dryer combina- 
tions. Molded of Celanese Fortiflex B-50-20, it is corrosion- Write for technical data on Fortiflex, outlining your appli 


provement and cost savings. 


free, light, strong, and easily cleaned with boiling water. ition, to: Celanese Polymer Company, Dept. P-102-F, 744 

Fortiflex is an easily molded, tough, rigid material, which Broad Street, Newark 2, N.J,. Celanese® Fortifiex® 
provides unusual freedom in design. It offers outstanding heat, =» ive Coayne be 0 Chine Ries Seales ea 
chemical and stress-cracking resistance and can often replace rt Seles: An intay and Pap Aaeel Gn, ine. 255 Matines Bevien, 1 T. 06. 


POLYETHYLENES POLYESTER ; Sit , CELLULOSIC FLAKES 


For more information, turn to Reader Service card, circle No. 398 





After 2500 F exposure boron 
silicides at far right are rela- 
tively unaffected compared with 


INCHES 0 


six other high boron compounds. 


Two Boron Silicides 


@ Two new ceramic-like materials, 
high in boron content, have been 
developed for use at high tempera- 
tures. For ceramics they are low 
in density, and they have excellent 
thermal shock resistance and out- 
standing oxidation resistance at 
temperatures up to 2500 F. The 
materials are hexaboron silicide 
(B,Si) and tetraboron 
(B,Si); development of the latter 
was first announced last year (see 
M/DE, June ’60, p 6). 

The high boron contents (60 
and 70% for B,Si and B,Si, re- 
spectively) should make the mate- 
rials suitable for use in nuclear re- 


silicide 


actors as neutron control sources, 
shielding structures and burnable 
peison. 


have excellent oxidation 


resistance up to 2500 F 


by Dr. E. Colton, Research Div., Allis-Chalmers Mfg. Co. 


The materials are available as 
black, free-flowing microcrystal- 
line powders (about 70, in size) 
with a bulk density of 37 lb per 
cu ft. Price depends on purity, 
and ranges from 12¢ per gm or 
$50 per lb for highest purity 
grades, to 8¢ per gm or $35 per lb 
for lower purity materials. The 
materials are available in pound 
quantities; production can be in- 
creased rapidly to meet demand. 


Fabricated by powder metallurgy 


The materials can be fabricated 
by conventional powder metallurgy 
techniques: they can be cold 
pressed readily without binders; 
they can be hot pressed; they can 
be slip cast and extruded. 


interesting 
silicides 


One of the most 
characteristics of boron 
are their sinterability in air. If 
the material is cold pressed at 
about 10,000-20,000 psi and sin- 
tered in air at about 2000 F, the 
formation of oxide bonds pro- 
vides a body strong enough to be 
machined with ordinary machine 
tools (though carbide tools are 
recommended ). The machined part 
is then refired to 2500 F in air 
with virtually no shrinkage, form- 
ing an extremely hard, dimension- 
ally stable body. 

Oxidation, shock resistance 

The accompanying curves show 

weight gain after 65 hr at 2500 F 


for specimens of both silicides. 
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Pressed and sintered parts are shown here. 


slip casting or extruding. 


During sintering the materials 
absorb oxygen, forming a protec- 
tive coating of an amorphous 


phase, probably a_ silicon-boron 
oxygen glass, which prevents fur- 
ther oxidation. Thus, the materi 
als can be used under conditions 
that severely degrade boron car- 
bide, as well as other borides 


Tetraboron silicide is somewhat 





10 -« 


Pure vanadium ring, 14 in. 0.d., weighing 60 Ib, is believed to be the 
largest centrifugally cast vanadium component produced commercially. 
Ring was cast by Oregon Metallurgical Corp., Albany, Ore. 


For more information, circle No. 601 


Parts can also be shaped by 


unstable at high temperatures dis- 
proportionating to hexaboron sili- 
consequently 


cide and_ silicon; 


most work has been done with 
hexaboron silicide, some proper- 
ties of which are given in the ac- 
indicated 
by the limited data, the ceramic 


companying table. As 


properties of the material have 
not yet been studied completely. 





MATERIALS IN DESIGN ENGINEERING 





B, Si 
4 








7 
8, Si 
Specimens heated to 2000 F, 
he/d for 3hr, weighed, then 
inserted in F furnace, in 
stognant air 





Weight Gain, mg/sqcm 





10 203040506070 

Exposure Time at 2500F, hr 
Oxidation resistance of the two 
new boron silicides at 2500 F. Initial 
increase in weight is due to forma- 
tion of amorphous protective oxide 


layer. 


Bodies of oxide-bonded hexa- 
boron silicide have been prepared 
with a density of about 106 lb per 
cu ft. Strength depends on sinter- 
ing time; after sintering for 24 
hr at 2500 F in stagnant air, 
bending strength is about 12,000 
psi at room temperature, 10,500 
psi at 2000 F. 

Thermal shock resistance is ex- 


PROPERTIES OF HEXABORON SILICIDE 





Oxide- 

Bonded Ortho 
Black rhombic 
Powder | Crystals 





Density, Ib ‘cu ft 106-131 | 151.6 
Melting Point, F * 3500 
Coef of Ther Exp (77 
1800 F), 10 -* per °F 

Vol Res, ohm-cm 
Knoop Hardness 
Mod of Rupture 

1000 psi' 

At 77 F 13.0 

At 2000 F 10.8 
Abrasion Resistance ~SiC ~SIC 


35 | 
Insulator 0.2 
1900-2400 








*No melting when subjected to argon-restricted 
plasma jet. Material may vaporize 

‘Strength is dependent on sintering time; 
values given are for 24-hr sintering at 2500 F 


ceptionally good. No cracking has 
been observed after 50 cycles be- 
tween 2000 F and room tempera- 
ture in air. Further, no cracking 
occurs when the material is heated 
to 2000 F, then quenched in water. 


Composition adjustable 


The Allis-Chalmers process for 
preparing boron silicide consists 
of reacting elemental boron with 
silicon under carefully controlled 
conditions. Products are better 
than 95% pure and contain very 
little free silicon, e.g., typical lots 
contain 0.5-1.5% free silicon. Free 
silicon contents of up to 15% can 
be obtained if desired. 


For more information, circle No. 600 
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Plastic-encased circuitry drives the tuning fork, shown being installed. 
Each small coil, at the bottom of both cases, is wound with 300 ft of 0.0006-in. 


dia wire. 


The circuit assembly can be removed and replaced as a unit. 


Plastics Assembly in... 
Electronic Wrist Watch 


by W. C. Bennett, Vice President and Director of 
Research Engineering, Bulova Watch Co. 


0? 


Dial side and... 


09 


- « « back of the cases. Even 
though the case is only % in. high, 
a transistor, a resistor and leads fit 
into the right-hand shell. The power 
cell is positioned under the left case. 


Drive Coil and 


Phase Sensing Coil Conica! 


Magnet 


Electronic 


Circuit 
Transistor 


fork 


Basic components of the electronic 
watch, shown from the front. The 
tuning fork tines are vibrated by 
the magnetic fields of the drive coils. 


The DAP plastic encased ¢ lectronic 


components flank the tuning fork. 


@ Two tiny housings for all the 
components of a microminiature 
power circuit are the first plastics 
parts to be used in wrist watch 
movements. 

The two-piece assembly, only 
0.5 cu in. in size, supports and en- 
closes a transistor, power cell, two 
small coils, and all connecting 
components and leads. 

The power circuit is used in 
Bulova Watch Co.’s “Accutron” 
electronic time piece. In operation, 
the circuit generates pulsed cur- 
rent that vibrates a small tuning 
fork positioned between the coils. 
The fork oscillates at exactly 360 
cps to drive the watch mechanism. 
Housings transfer molded 

The chassis assembly is trans- 
fer molded from glass-filled dially] 
phthalate resin. Thermosetting 
DAP was selected because of its: 
1) high dielectric strength; 2) 
good moisture, solvent, 
alkali and fungus resistance and 
3) good tension, compression and 


acid, 


impact resistance. In addition, its 
excellent moldability is needed to 
hold the critical dimensions of the 
assembly. For example, the walls 
of the two coil bobbins, integral 
to the chassis, are 0.004 in. thick. 

In tests, the molded parts with- 
stood temperatures from —95 to 
212 F without damage. The com- 
pound, supplied by Mesa Plastics 
Co., can be molded and cured in 
about 1 min. It does not stick or 
shrink during processing. Food 
Machinery and Chemical Corp. 
produces the resin. 
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Core is pre ssed of preal- 


lowe d bronze powde r. 


Powder 


Outer ring %s pressed of 


steel powde r and sintered. 


nested and the 


sintered, its resulting ex- ture 


nansion firmly bonding the 


assembly, 


Metallurgy 


Slashes Cost 


of Armature 


This method costs 72% less than previous method 


of staking segments into milled slots 


@ The process illustrated above is 
being used by Kwikset Powdered 
Metal Products, Anaheim, Calif. 
to make a polarizer for a d.c. 
It takes advantage of the 
controlled expansion that can be 
sintering a bronze 


motor 


achieved in 
powder. Sintering the bronze core 
in place has little effect on the 
already-sintered steel ring but 
causes the radiating lugs on the 
inner ring to lock firmly against 
the surfaces of the slots in the 
steel outer ring. 

Clearance between the two parts 
before the final sintering is about 
0.001 in. The sintering requires 
15 to 20 min at 1450 to 1600 F. 
Control over expansion or shrink- 
age is obtained primarily by vary 
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ing the compacting density dur 
ing the pressing operation. 

The method was developed by 
Eugene R. Andreotti and John 
Mikitka, now with Kwikset, and is 
covered by U.S. Patent 2,913,819 

The part, about % in. o.d. (as 
finished), is made for AiResearch 
Mfg. Div. of The Garrett Corp. it 
won an Award of Distinction in 
this year’s “Nonferrous Metal 
Powder Part of the Year” compe 
tition sponsored by The New 
Jersey Zine Co. 

The large cost savings offered 
by the powder metallurgy tech 
nique result from the elimination 
of machining and staking or 
peening operations. Conventional 
armature construction for small, 


ENGINEERING 


Core and ring «are inter- 


areen core off to produce the arma 


4 


Outer ring ‘s machined 


having alternating 


magnetic and nonmagnetic 


ectio 


fractional horsepower motors con 
sists of milling slots in a magnetic 
disk, inserting nonmagnetic seg 
ments into the slots, and retain 
ing them in place by peening core 
material over their ends. 

In addition to cost savings, the 
powder metallurgy method is ex 
pected to provide greater reliabil 
ity, since staked 
more likely to break loose at high 


segments are 


rotational speeds. 

The inventors of the method 
also suggest the possibility of 
making the inner core of ferro 
magnetic material and the outer 
ring of brass; in such a case the 
controlled shrinkage of the brass 
would be used to obtain the bond 
between core and outer ring. 








2 


ie ——— . 

1 Molded half shell in position in the female die. The impression 
plate that formed the internal cavity is at the back. Before molding, 
the glass cloth was epoxy impregnated and partially polymerized. 


by P. J, Palmer, Jr. 
and D. S. Bievins, 
Brunswick Corp., 
Marion, Va. 


2 Antenna assembly is se- 
curely bonded into the mated 
half shells with a modified 


epoxy resin adhesive. 


3 Trimming and drilling the incompleted 
assembly. Routing of attachment slots is 
also done while the wing is in this fixture. 


6 Finished wing is enameled with an epoxy without using 
a primer. Four wings of this type are used on each missile. 


4 Proof-loading test measures wing tip 
deflection under simulated flight loads. 


Plastic Wing for a Guided Missile 


@ The Bullpup B missile is now using a fiberglass-rein- 
forced epoxy wing which is physically superior to the 
centrifugally cast aluminum wing used on the missile’s 
predecessor, Martin Co.’s Bullpup A. 

One of the major advantages of using a plastic for the 
wing is that it offers no interference with the guidance 
antenna encapsulated within the wing. Previously, the 
antenna had to be mounted in a channel on the surface of 
the metal wing. 

The high temperature plastics system, developed by 
Brunswick, withstands operating temperatures up to 500 F 
while maintaining low load deflections. 

The epoxy wing is easily fabricated to precise dimen- 
sions. Finishing is greatly simplified because the wettabil- 
ity of the resin eliminates resin-starved and pitted areas. 

Each wing is laminated and bonded in two sets of 

5 Dimensional accuracy is checked in a rigid fixture. matched molds. Each half shell mold consists of a die 
Thickness and flatness tolerances are very close. which forms the outside and an impression plate which 
forms inside cavities for the antenna. 
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WHICH OF THESE STAMPINGS 
COSTS LESS WITH PRECISION STEEL? 


All of them, as a matter of fact. The design requirements of the finished parts 
may —or may not—call for closer than standard tolerances. But in an intricate, 
high-speed operation, a variation of 0.003” could result in costly production 


problems—frequent delays, constant tool adjustment, a high percentage of 
rejects, et 

With J&L strip steel cold rolled to precision tolerances, you can expect uniform, 

rouble-free stamping. The reduced production costs plus the increased product 

liability will more than offset the slightly higher initial cost of precision steel. 

The key to J&L’s superiority in strip steel processing is its ability 

, . to produce to standards more exact and precise than those in 


f ‘ general use 
7 Steel J&L’s combination of specialized equipment and techniques, plus 5 5 rhe FE 


experience, are available to solve your stamping problems. For 
%, ‘ nformation, call your J&L Stainless and Strip Division repre- LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 


ntative or write to Dept 1359 TEMPERED SPRING STEEL + ZINC AND COPPER COATED 


Jones & Laughlin Steel Corporation - STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 


For more information, turn to Reader Service card, circle No. 335 





Automatic forging unit 
has billets fed into furnace 
(1). At discharge end (2) 
billet is automatically con- 
veyed to a 2500-ton Erie 
Foundry Press (3) where it 
is fed through a 4-stage die. 
A trimmed, hot coined trac- 
tor link is discharged from 
the press and conveyed to a 
tote pan. 


Forgings Cost 10-20% Less... 


.- » » aS a result of a new automatic forging press 


® An automatically produced press 
forging offers users a 10 to 20% 
cost reduction over manual forg- 
ing costs, yet is comparable both 
in strength and _ dimensional 
tolerances to manually produced 
forgings. The cost reduction is 
made possible by the high produc- 
tion rate and decreased labor cost 
of the automatic unit. 

Developed over a two year 
period by the AmForge Div., 
American Brake Shoe Co., Chi- 
cago, Ill., the automatic press 
forging complex shown above 
will: 

1. Handle the entire forging 


process, from billet 


to 


trimming and hot coining, with- 


out a single manual 


operation. 


handling 


2. Require half the man power 
usually employed in normal ham- 


mer or press operations. 


3. Increase production rate by 


a minimum factor of two. 


AmForge Div., does not plan to 


license the system. 


Best for simple parts 


The automatic press 
effective when used 


most 
produce 


fairly symmetrical forgings which 
do not require deep die cavities 


MORE WHAT'S NEW IN MATERIALS 


Plastics laminates for 
electronic parts 165 


Electrical explosions 
shape exotic metals .... 


Neoprene-base paint 
for outdoor uses 

New casting method 
cuts piece cost 50% 

Flexible polyethylene 
competes with vinyls 

Beryllia heat sinks 


Large steel forging .. 


Vinyl surfacing mat 
is abrasion resistant 


Clear silicone for 
encapsulating, potting 

Galvanized sheet has 
improved paintability 

Rubber liners protect 


metal against abrasion . 


New organic coating 
Other news 


that would increase the possibility 
of forgings sticking in a die 
cavity. The same sticking prob- 
lem is encountered in manual 
forging but is a more serious 
malfunction in a unit which can 
produce up to 1200 parts per hr. 

As the press is now constituted, 
10 to 12 lb is the maximum 
weight that can be automatically 
forged. Maximum billet size is ap- 
proximately 101% x 41% X 25¢ in., 
for the four-station die. Billet 
size can be increased by forging 
in a three-station die and convey- 
ing the forging to an automatic 
trim press. Radical increases in 
billet size are possible but the 
in-press transfer system would 
have to be changed 

AmForge Div. anticipates that 
high volume items such as track 
links, conveyor belt links, automo- 
tive gears and high pressure 
valves and fittings can be eco- 
nomically produced on the auto- 
matic press. 


Track links: a case history 
The advantages of an automatic 
press forging system can be 
demonstrated by the track link 
shown in the accompanying photo- 
(continued on p 165) 
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SILICONE NEWS from Dow Cor 


Exact Copies Fast! 


POUR RTV 


STRIP MOLD 





SILASTIC RTV makes precision molds 


in minutes 


These photos illustrate how easily you can produce exact molds and 
prototypes in a matter of minutes, instead of days or weeks. The 
medium: Silastic® RTV, the fluid silicone rubber that vulcanizes 
at room temperature. 


The beauty of this silicone rubber: you simply add catalyst, mix and 
pour Silastic RTV into or around the object you wish to reproduce. 
The fluid rubber flows into the tiniest crevices, fills voids in even 
the most intricate parts, and vulcanizes without heat to form a dur- POUR RTV 
able accurate mold. 


The cured mold easily withstands 500 F temperatures. You can use 
it to cast a variety of plastics or low-melting alloys. Release is no 
problem. The firm but flexible mold made of Silastic RTV strips 
easily from metal, wood, plaster, plastic and most other materials. 
Store the mold; it doesn’t change on aging (crack or check) and you 
can make exact reproductions months, or even years later. 


Using Silastic RTV is the quick and economical method of preparing 
duplicates that match the original in every detail. May we assist 
you in adapting this new design and development tool to your special 
needs? Write on your letterhead for free sample and how-to-use 
information. Address Dept. 7418a. FINISHED PART 


The nearest Dow Corning office is the 
number one source for information 
and technical service on silicones. 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, BD. c. 


For more information, turn to Reader Service card, circle No. 360 
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Uitra Pure Materials a Major ASTM Meeting Topic 


About 25 of the more than 125 
papers to be presented at the an- 
nual meeting of the American 
Society for Testing Materials will 
be of direct interest to materials 
scientists and engineers. The 
meeting will be held in Atlantic 
City, N. J., June 25-30. 


Materials sciences papers 

The Materials Sciences Div. will 
sponsor two sessions on the major 
effects of minor constituents on 
the properties of materials, in- 
cluding metals, ceramics, organ- 
ics, liquids, and gasses. Among 
the papers, to be presented are: 
Impurity Effects in High-Purily 


Metals, L. L. Wyman, G. A. Moore, 
National Bureau of Standards; 
The Effect of Impurities on the 
Properties of Ceramic Materials, 
I. B. Cutler, University of Utah; 
Major Effects of Minor Constitu- 
ents—Role in Organic Material 
Structures, J. F. Lontz, E. I. du 
Pont de Nemours & Co., Inc.; and 
The Problem of Gas Purity in 
Plasma Research and Technology, 
S. J. Buchsbaum, Bell Telephone 
Laboratories, Inc. 


Metal topics 


In the field of metals, topics in- 
clude: 1) fatigue damage in steel 
and aluminum; 2) fatigue proper- 


More Materials Courses Offered 
This Summer at Penn State and MIT 


Three additional summer courses 
in materials engineering and 
science have been announced by 
Pennsylvania State University and 
Massachusetts Institute of Tech- 
Previously announced 
courses have been described in 
M/DE, Mar ’61, p 22 and May ’61, 
p 23. 

Pennsylvania State University 

Electrical Contacts Seminar (June 
11-16) will present the latest in- 
formation on the design and con- 
struction of static, sliding and 
commutation, and arcing contacts 
as well as basic electrical contact 
theory. Topics will include: metal 
tarnishing, bounce, me- 
chanical loading of static contacts, 
wear and noise, film studies, and 
sliding 


nology. 


contact 


resistance variations in 
and arcing contacts. 


Massachusetts Institute of Tech- 


nology — Nondestructive Testing 
(June 26-30) will be a lecture pro- 
gram dealing with the most im- 
portant testing methods including 
magnetic particle inspection, eddy 
currents, x-rays, ultrasonics and 
fluid penetrants. In each case the 
lectures will cover theory, record- 
ing and interpretation, and cur- 
rent laboratory and field practices. 
The course is primarily for gradu- 
ate engineers and metallurgists. 
Advanced Topics on Solid State 
Masers (July 24-28) will be an in- 
tensive presentation of recent ex- 
perimental and _ theoretical ad- 
vances in solid state maser and 
laser technology. Topics will in- 
clude: high frequency traveling 
wave masers; relaxation ; 
electron nuclear double resonance 
phenomena; optical pumping; and 
technology of solid state lasers. 


cross 


ties of coated and uncoated molyb- 
denum; 3) effects of impurities 
on the endurance of steel wire 
rope; 4) designing with metals 
for low temperature service; 5) 
improving analytical methods for 
determining the effects of very 
small constituents in metals; 6) 
evaluating metallic materials in 
design for low temperature serv- 
ice; 7) high temperature creep 
and rupture of copper, nickel and 
various alloys in helium atmos- 
phere; 8) stress corrosion evalu- 
ations of various steels; 9) ele- 
vated temperature compression 
testing of sheet magnesium and 
nickel-chromium alloy; 10) evalu- 
ating the properties of nonferrous 
metals, such as titanium, and 
molybdenum; and 11) erosion and 
cavitation processes, 

The effects of impurities on the 
properties of plastics and ceram- 
ics, and radiation effects on re- 
fractory fuel compounds and other 
rector materials are among the 
other topics at the meeting. 

Twin highlights of the meeting 
will be: the Marburg Lecture by 
Prof. Bruce Chalmers, Harvard 
University, on the subject of nu- 
cleation and growth of ice crys- 
tals; and the Gillett Memorial 
Lecture by A. B. Kinzel, Union 
Carbide Corp., on the nature, pur- 
pose and use of specifications. 


Forming Refractory 
Metals MPIF Topic 


“Powder metallurgy has much 
to offer in the fabrication of tita- 
nitum, a material that is costly 
and difficult to shape by ordinary 
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means,” E. P. Weber, Clevite 
Corp., told the recent annual meet- 
ing of the Metal Powder Indus- 
tries Federation. 

Also discussed were: new de- 
velopments in high temperature 
sintering furnaces that operate at 
temperatures up to 5000 F; a new 
approach to the study of powder 
compaction; and the effects of 


fabricating methods on the elec- 
trical and magnetic properties of 
metal powders. 

One highlight of the meeting 
was the awarding of the first 
MPIF Powder Metallurgy Pioneer 
Award to R. P. Koehring, who 
recently retired from Delco Mo- 
raine Div., General Motors Corp. 


Trends in Engineering and Education: 
Freshman Enrollment Still Dropping 


> Enrollment in freshman engi- 
neering classes has again dropped 
below that of the previous year. 
Although this trend has continued 
for the last four years, the U. S. 
Office of Education reports that 
the rate of decrease is slowing. 

A total of 67,600 freshmen en- 
rolled in engineering courses last 
fall as compared with 67,700 in 
1959. The small decrease may in- 
dicate that the efforts of the engi- 
neering profession to stimulate 
interest in engineering among 
high school students is having 
some success. 

> In contrast to freshman 
classes, enrollments for graduate 
degrees continue to climb steadily. 
The Office of Education reports 
that the number of students en- 
rolled for master’s degrees in- 
creased from 29,700 in 1959 to 
31,200 this fall. Doctorate student 
bodies increased 14.3% from 5600 
to 6400, in the same period. 

> During 1961-62, more than 
1700 graduate students will be 
assisted in their scientific, mathe- 
matics and engineering studies by 
two National Science Foundation 
fellowship programs. 

Each Fellow will receive a basic 
12-month stipend of $2200 sup- 
plied by NSF. In addition, the 
schools will receive a standardized 
cost-of-education allowance for 
each Fellow. 

Of the 1725 graduate awards, 
425 were made in physical sciences, 
including a number of interdisci- 
plinary fields, and 201 were made 
in mathematics. The rest were 
granted in the life and social 
sciences. 

Applications are first screened 
by the approximately 160 sponsor- 


ing colleges and universities. The 
final selection is made by 50 emi- 
nent scientists, appointed by the 
National Academy of Sciences— 
National Research Council. 

> North Carolina State College’s 
School of Textiles is “revamping 
its curriculum away from the 
‘how-to-do-it’ approach toward 
more emphasis upon the basic 
physical sciences, textile technol- 
ogy and the humanities” a spokes- 
man says. 

> Engineers’ salary levels rose 
approximately 5% per year be- 
tween 1958 and 1960, according to 
a survey made by the Engineers 
Joint Council. 

The overall median salary is 
now $9600. An earlier survey 
made in 1953 found the median 
pay at that time to be $6500. 

The survey findings were pub- 
lished recently by the Council's 
Engineering Manpower Commis- 
sion. The report called: Profes- 
sional Income of Engineers-1960 
is available from EJC, 29 W. 39 
St., New York City 18, at $3 per 
copy. 

> Establishment of a separate 
civil service classification system 
for scientists and engineers is the 
purpose of a bill recently intro- 
duced by Rep. V. L. Anfuso of 
N. Y. It is intended to improve 
the government’s competitive po- 
sition for recruiting and main- 
taining qualified technical staffs. 

The bill would establish a 10- 
grade “Professional Engineering- 
Scientific’ schedule for profes- 
sional-level engineers, physical 
scientists and mathematicians in 
the government, with salaries 
starting at $6400 a year, and go- 
ing up to $20,000. 














News of Societies 





Aluminum Assn. has elected 
the following 1961 officers: 
president—J. W. Douglas, Re- 
public Foil Inc.; chairman—M. 
M. Anderson, Aluminum Assn.; 
reelected honorary chairman— 
A. V. Davis. 


American Hot Dip Galvan- 
izers Assn, has elected the fol- 
lowing officers: president—W. M. 
Boyles, Boyles Galvanizing and 
Plating Co.; 1st vice-president 
—T. R. Gregory, Thomas Greg- 
ory Galvanizing Works; 2nd 
vice-president — C. Hawthorne, 
Metal Services Inc.; reelected 
secretary-treasurer—C. E. Per- 
ry; technical director—J. R. 
Daesen. 


American Powder Metallurgy 
Institute, Metal Powder Indus- 
tries Federation, has established 
a section in Cleveland and has 
elected the following officers: 
chairman—C. R. Halverstadt, 
Kirkwood Carbon Corp.; Ist 
vice-chairman—J. Merrill, Cle- 
vite Research Corp.; 2nd vice- 
chairman—J. J. Millen, General 
Electric Co.; treasurer—V. Ka- 
lan, Cleveland Graphite Bronze 
Div., Clevite Corp.; recording 
secretary—T. P. Herbell, Case 
Institute of Technology; corres- 
ponding secretary—S. R. Crooks, 
Republic Steel Corp. 


American Society for Metals 
has granted the following 
awards: Albert Sauveur Achieve- 
ment Award—Dr. C. L. Clark, 
Timken Roller Bearing Co.; 
William Hunt Eisman Medal— 
R. B. Heppenstall, Midvale- 
Heppenstall Co. 


American Welding Society 
has elected the following offi- 
cers: president—A. F. Chouin- 
ard, National Cylinder Gas Co.; 
vice-president—J. Bland, Gen- 
eral Electric Co.; directors-at- 
large—J. E. Dato, Linde Co.; 
T. E. Jones, Precision Welder 
and Machine Corp.; A. N. Kug- 
ler, Air Reduction Sales Co.; 
E. C. Miller, Oak Ridge National 
Laboratory. 


Metallurgical Society of 
AIME has elected the following 
officers: president—J. S. Smart, 
Jr., American Smelting & Refin- 
ing Co.; division chairman— 
Extractive Metallurgy, R. C. 
Cole, White Pine Copper Co.; 
Metals, J. H. Jackson, Battelle 
Memorial Institute, Iron and 
Steel, Dr. G. Derge, Carnegie 
Institute of Technology. 
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This Versatile Laminated Phenolic Tubing 


Yo U may h ave Has Many Applications in Products Using Tubular Parts... 


uses for These include tubing for — radio, television, electric motors, relays, 
controls, transformers and many other electrical products. Other 


uses are almost unlimited including — paint rollers, bobbins, hous- 


» LEVE LITE ings, pre-forms, quality cores, spacers and sleeves. 


Clevelite is structurally strong, very light and may be easily punched, 
tu b i ng that machined or sawed. It has excellent electrical insulation properties, is 
highly resistant to moisture and is unaffected by solvents and oil. 


wou Id Save Produced in seven grades, round or rectangular, thin or heavy wall, 
plain or fabricated, this tubing is used where dimensional stability 
and wearing qualities are required. Cievelite is economical and often 


you m oney ! replaces other materials for half the cost. 


THE 


PLANTS & CLEVELAND 
Write for SALES OFFICES: CLEVELAND CONTAINER CANADA, LTD. 
latest CLEVELAND oianns A af # 


CHICAGO 


Clevelite MEMPHIS COMPANY ° 
DALLAS 
brochure LOS ANGELES 6201 BARBERTON AVE, CLEVELAND 2, OHIO SALES OFFICES: 


PLYMOUTH, WISC . DETROIT 

JAMESBURG. N.J. ABRASIVE DIVISION at CLEVELAND, OHIO NEW YORK 

GREENSBORO, N.¢ WASHINGTON 
REPRESENTATIVES: 


NEW ENGLAND: RS. PETTIGREW &CO PHILADELPHIA: MIDLANT'IC SALES CO 
10 N. MAIN ST., W. HARTFORD. CONN 9 E. ATHENS AVE., ARDMORE, PA 


NEW YORK AREA: MURRAY SALES CO WEST COAST: BERT BARRON COMPANY 
25 W. NORTHFIELD RD., LIVINGSTON, N. J 15166 VENTURA BLVD., SHERMAN OAKS, CALIF, 


*Reg. U. S. Pat. Off. CANADA: PAISLEY PRODUCTS CO. LTD 
36 UPTON RD., SCARBOROUGH, ONT 


For more information, turn to Reader Service card, circle No. 333 
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Coming Meetings 
Reevecote 


AMERICAN SOCIETY OF MECHANICAL 


ENGINEERS, annual meeting. Los 

Angee eae 1315 roadens u 
PLASTICS IN PACKAGING, Society of 
Plastics Engineers, regional confer- 

ence. Montreal. June 14, 

INTERNATIONAL POWDER METALLURGY 


‘ * * 
CoNGRESS. Reutte, Austria. June 20- 
24, 
AMERICAN SOCIETY FOR TESTING Ma- 


. 
TERIALS, annual meeting. Atlantic with stron er 
City, N. J. June 25-30. 
VACUUM METALLURGY, Sponsored by age 
American Vacuum Society and New more sensi ive 


York University. New York City. 
June 26-27. 


s 
NATIONAL SOCIETY OF PROFESSIONAL lap ragms 


ENGINEERS, annual meeting. Seattle. 


July 4-7. T. H. Landgraf, Chief Engineer 


SEMICONDUCTOR CONFERENCE, Ameri- 
can Institute of Mining, Metallurg- at The Autogas Company 


ical and Petroleum Engineers. Los of Bellwood, Illinois, says: 
Angeles. Aug 30-Sept 1. “The use of a Reevecote 


AMERICAN (CHEMICAL SocIETY, na- diaphragm allows a wider range 
tional meeting. Chicago. Sept 3-8. 


of control of all kinds of gases, 
ENGINEERING MANAGEMENT CONFER- wider temperature range and 
ENCE, American Society of Mechani- cer empe e g “ 
cal Engineers and American Insti- provides greater strength. 
tute of Electrical Engineers. New 
York City. Sept 14-15. 
High TEMPERATURE CERAMIC-ON- 
METAL PROCESSES CONFERENCE, Amer- 
ican Ceramic Society. Columbus, 
Ohio. Sept 20-23. 
SteeL FouNpers’ Society OF AMER- 
Ica, 59th fall meeting. Hot Springs, 
Ark. Sept 24-26. 
PROCESS INDUSTRIES CONFERENCE, 
American Society of Mechanical En- 
gineers. Houston, Texas. Oct 4-6, 
CONFERENCE ON PLASTICS FOAMS, 
Society of Plastics Engineers, Inc., 
Buffalo Section. Niagara Falls, N.Y. 
Oct 5. 
The Shure-Vent Control, product of The Autogas C ,is anincreas- 


ingly popular air-flow interlocking itch. It is actuated by a strong, 
sensitive Reevecote diaphragm. Operation is by pressure or vacuum. 





2ND INTERNATIONAL CONGRESS ON 
VACUUM TECHNOLOGY, American 
Vacuum Society Inc. Washington, 
D. C. Oct 16-19. Since the heart of this control 


MeTALLURGICAL Society, AIME, fall is its diaphragm, The Autogas 
meeting. Detroit. Oct 23-26. Company found the perfect 
isrp MreTAL CONGRESS AND EXPOsI- solution ina larger, stronger, 
: rice Soc.ety * Metals. one . 

sams, Asner = ety for Meta more sensitive diaphragm made 

al eg? ee ; of Reevecote, a synthetic 
AMERICAN SOcIETY OF TOOL AND 7 
MANUFACTURING ENGINEERS, semi- rubber-coated fabric 
annual engineering conference. Tor- manufactured by 
) ‘t 26-27 
onto, Uct 20-21. Reeves Brothers, Inc. 
AMERICAN NUCLEAR SOCIETY, 9th hot lf your design calls for a 
lab and equipment conference. Chi- di fy 9 h f 
cago. Nov 6. iaphragm — or the use of coated 
STEEL FouNpDeRS’ SOCIETY OF AMER- fabrics . . . choose from over 200 
ICA, 16th annual technical & operat- styles of Reevecote — the most 
ing conference, Cleveland. Nov 13-15. complete line of coated fabrics 
7TH ANNUAL CONFERENCE ON Mac- for industry. 
NETISM AND MAGNETIC MATERIALS, ——_—_—____. 
American Institute of Electrical REEVES VULCAN 
Engineering. Phoenix, Ariz. Nov 13- Reeves Brothers, Inc., Vulcan Rubber Products Division 
16. 1071 Avenue of the Americas - New York 18, New York 








For more information, turn to Reader Service card, circle No. 321 
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Aluminum Island. 


Is this tomorrow’s marina? The boat company that commissioned this Olin 
design thinks it’s very likely. After all, new design and engineering concepts 
and new fabricating techniques make aluminum near limitless in application. 
Aluminum’s inherent qualities, resistance to corrosion, lightness, natural 
attractiveness and strength make it a “dream medium” for designers; this 
marina is an excellent example. It’s an on-the-spot depot for fuel, food, marine 
supplies — and travels from place to place under its own power. And designers 
who work in new concepts of aluminum have the resources of Olin Aluminum 
at their disposal. Our technical research and product development staff live 
in the world of new alloys, intricate design, fabrication, and cost and produc- 
tion statistics. They “think aluminum.” All you have to do is think “Olin.” A* 


Clin 
ALUMINUM 


400 PARK AVE NEW YORK 22. NEW YORK 





Information wanted on plastics foams 
To the Editor: 
Your article on foam plastics (M/DE, Mar ’61, 
p 119) refers to the use of urethane foam to form a 
structure in space. Several months ago we were in- 
terested in this and inquired about materials and 
processes commercially available. Would you be kind 
enough to refer us to the company whose product 
you had in mind. 
B. J. LEHMAN 
Staff Engineer 
Lockheed Aircraft Corp. 
Van Nuys, Calif. 


The information on space-triggered urethane foams 
was obtained from people working on such a system 
who did not wish to be quoted directly. As the write- 
up mentioned, such materials were in the offing, 
rather than presently available. According to this 
source, the work has been extremely promising and 
should produce some practical results within the 
very near future, As soon as anything more concrete 
is available, we will certainly plan to publish it. 


To the Editor: 

We are interested in securing technical data and 
source contacts on the following foams: 1) poly- 
propylene—open and/or closed cell; 2) polymicryl- 
chloride—a foam-type material used by the Germans 
several years ago in a radar operation; 3) poly- 
ethylene—open cell, in % and 1-in. thicknesses; and 
4) polyvinylfluoride—open and closed cell, flexible. 

LEONARD J. COSTANZA 
Los Angeles, Calif. 


Information has been sent on polypropylene and 
polyethylene foams. Frankly, we never heard of 
either of the other two materials being available as 


foa me, 


Government support of research 


To the Editor: 

I agree completely with Dr. Robert S. Shane’s po- 
sition on government support of materials research 
(see M/DE, Jan ’61, p 166 and Mar ’61, p 31). 
While there is no objection to the universities taking 
on contract projects for materials research, the time 
and personnel of the universities can be best em- 
ployed in teaching principles and fundamentals. 

For years I have been prowling around industrial 
and government laboratories, and I see no signs that 
the government intends to depend upon the univer- 
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ONE use ror INDIUM 


..there are X more! 


“Indalloy” Intermediate Solders, manufactured exclusively 
by the Indium Corporation and used extensively in printed 
circuit work, are noted for their wettability (with metallic 
AND non-metallic surfaces), their corrosion resistance, and 


their help when special temperatures are important. 


Indium solders assist flowability and workability. Adhering 
readily to many varied surfaces, these solders can be tailor- 
made for special application. Perhaps you have a need for 
Indium in solder, spheres, pellet, powder, wire, ribbon or 
metal forms. Write our research department today... we're 


glad to help! 








INDALLOY SOLDERS = 


adhere fo: 
® 26 metals, alloys 


® 21 thin metal 
films 


COPY OF 
“INDIUM” 


Published privately, this valu- 

able reference book is a “must” 

in research. 

© 770 pages 

@ 91 drawings, diagrams, 
photographs 

@ Annotated bibliography 


® 18 non-metals 


FREE SOLDER BOOKLET... 


Write Dept. M-6 for new 
Indium bulletin: “INDALLOY” $10.00 PER COPY 
Intermediate Solders. 


“INDIUM 


CORPORATION OF AMERICA 
1676 LINCOLN AVENUE + UTICA, NEW YORK 


Since 1934... Pioneers in the Development and Applications 
of Indium for Industry. 
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When the requirements seem impossible... 


=" 


TUNG-SOL specifies MYCALEX® 410 glass-bonded mica 
for extraordinary reliability 


THE HEAT’S ON . . . to combat close quarters in critical power 
supply applications resulting in bulb temperatures up to 572°F., 
TUNG-SOL engineers chose MYCALEX 410 glass-bonded mica 
for the base of their new 7802WB Series Regulator Tube. TUNG- 
SOL also specifies the MYCALEX 410 glass-bonded mica for its 
new type 7403 “hard” pulse modulator tube. This unique electronic 
insulating material . . . can be precision-molded . . . does not blister, 
char or develop leakage paths under difficult operating conditions. 
It exceeds requirements for a MIL-E-ID Qualification Zone 15 
rating . . . offering a maximum temperature 
endurance of 650°F. (unstressed), and abso- 
lute dimensional stability. 

Whatever your problem—‘“hot spots,” 
reliability, intricate inserts, complex geom- 


General Offices and Plant: 
122 Clifton Boulevard 
Clifton, N. J. 


MYCALEX 


CORPORATION OF AMERICA 


etry—MyYcCaALex CORPORATION OF AMERICA has the facilities to 
supply a ceramoplastic or glass-bonded mica insulation material 
in either precision-molded or machinable grades for your appli- 
cation. On short or large production runs, the more exacting the 
specification, the more you will appreciate the unduplicated 
advantages of these materials. Write for design information on 
MYCALEX glass-bonded mica . .. SUPRAMICA® ceramoplastics 
offering maximum temperature endurance of 1550°F. (unstressed) 
and SYNTHAMICA® synthetic mica with maximum temperature 
endurance of 2000°F. (unstressed) . . . the 
family of the world’s most nearly perfect 
insulation materials. 
Our engineers will be glad to assist you 
with your design and production problems. 


Executive Offices: 
30 Rockefeller Plaza 
New York 20, N. Y. 


World's largest manufacturer of ceramopiastics, giass-bonded mica and synthetic mica products 
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sities for materials research. Government contracts 

continue, and are likely to continue, to go largely to 
industrial companies. 

GeorGE S. BRADY 

(Colonel, USA, Ret.) 

Industrial Materials Service 

Bethesda, Md. 


Mandrels for filament wound vessels 


lo the Editor: 

We are interested in materials (and design) fo: 
possible use as cylindrical mandrels for the con- 
truction of filament wound pressure vessels. After 
reading your manual on “Filament Wound Rein- 
forced Plastics” (M/DE, Aug ’60), I thought you 
m.ght have some additional information or lL.terature 
m soluble and collapsible mandrels. 

ROBERT A. NIEMAN 

Plastics Development Section 
Allison Div. 

General M tors Corp. 
Indianapolis, Ind. 


Vandrel materials for filament winding are among 
the hes k pt secrets n the industry. The only 
proprietary soluble mandrel material on the market 
frat ve know of is be ng produced by Re zolin, Inc., 


Santa Monica, Calif 


Availability of polyvinyl! toluene 
To the Editor: 

In answer to Mr. Carver’s question (M/DE, Ap. 
61) on the availability of polyvinyl toluene, Dow 
to manufacture liquid vinyl to- 
It was 


Chemical Co. us¢ 
luene monomer and may still be making it. 
tested as early as five years ago as a crosslinking 
monomer with unsaturated polyester resins. It was 
substituted fo 
ectly, because of its lower volatility and toxicity 


styrene monomer, if I recall cor- 
and poss.bly better dielectric properties in fabricat- 
ng radomes or electromagnetic windows. 

I have never seen references to polyvinyl toluene 
(polymer) as such, but our sample can of the 
monomer eventually polymerized from the liquid to 
the solid state by itself when the effect of the poly- 
merization inhibitor wore off. The can was cut away 
and disclosed a hard transparent block. The material, 


is probably very similar to styrene and 


therefore, 

acrylic, which are, of course, available in both mono- 
mer and polymer form. 

WARREN WALKER 

Materials Engineer (Plastics) 

Research and Advanced 

Development Div. 

Avco Mfg. Corp. 

Wilmington, Mass. 


We checked with Dow and found that they still pro- 
duce vinyl toluene monomer. but have never pro- 


duced the pol smer. 


metalilize faster, for less... 
USE“MOLY”’ WIRE 
BY WAH CHANG 


Uniform spray, cost-cutting speed .. . to make 
the most of all the advantages metallizing with 
molybdenum wire offers, order from Wah Chang. 
You can rely on getting 


COST SAVINGS only the economical WCC price can 
deliver. 

HIGH PURITY only rigid quality controls make 
possible. 

CUSTOM-TAILORED STOCKS as only a fully integrated 
supplier can tailor them. 

SERVICE only 41 years of metals know-how can 
provide. 

Wah Chang Corporation's pure molybdenum 
wire comes in all popular sizes, fits all popular 
gun makes and models. To learn more about the 
economies WCC spray wire and other products 
offer, simply phone or write. 


GD WAH CHANG CORPORATION 
=== 233 Broadway, New York 7, N.Y COrtlandt 7-0887 
BRINGING TOMORROW CLOSER WITH HIGH-TEMPERATURE METALS 
Producers of plasma arc spray powders; tungsten, tungsten cor 
bide, molybdenum, tantalum, tantalum carbide, columbium and 
columbium carbide as well as high-purity tungsten, columbium, 
tantalum, zirconium, hafnium, molybdenum in rod, wire, sheet 
and other forms 
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Another finishing first from Amchem! 


ALODINE’ Chemicals for Spray-Dip 
Processing Costs in Half Through 
and Handling at Crown Aluminum! 


A 
A 


saby bya 
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Crown aluminum siding features beauty, durability and convenience ... a wide selection of color harmonized , ints, year-in, year-out 
product performance and virtually no maintenance. Amchem Alodine plays a key role in providing the paint system with its outstanding 
wearing qualities. 
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Pre-Paint Finishing Slashes 
Reduced Maintenance, Downtime 


Mr. LOUIS HIRSCH, dynamic Crown President says — 

“THE INDUSTRY’S FIRST ORIGINAL DESIGN SPRAY-DIP 
SYSTEM HAS LOWERED THE COST OF SIDING PROCESSING 
WHILE MAINTAINING HIGH QUALITY AND UNIFORMITY” 


Inspired and designed by Amchem in conjunction with ity over straight spray—the result of eliminating compli- 
Crown engineers and quality control personnel, the cated, time-consuming periodic maintenance associated 
industry's first spray-dip, pre-paint system designed from with spray chamber operation. 

the ground up, is providing Crown Aluminum—one of the 
nation’s top three siding producers, with unprecedented 
savings in processing costs, time and labor. 


Under all of Crown’s exacting test standards—salt 
spray, humidity, infra-red—Alodine quality has re- 
mained constant. The proof—not a single paint failure 


On several million square feet of aluminum strip treated complaint from the field since production started! 


to date, Crown can point to a 50 percent reduction in , : a ; é. , ee 
' ; SE ag If you’re considering installation of pre-finishing equip- 

overall processing costs through virtual elimination of et aE - 
’ ra ne : ment, or refurbishing your present system—don’t make 

costly maintenance and downtime. With the addition of ; ; . ' 
iii: ; ae : ‘ a move till you’ve investigated Amchem Alodine and 

this new line, siding production capacity has doubled. . . ' 

: spray-dip for coated coil processing. Your nearest 
Amchem Representative is ready to supply facts and 


In side-by-side comparisons with an existing all-spray 
figures on system requirements at your convenience. 


system at Crown’s Roxboro (N. C.) plant, the new spray- 
dip combination has demonstrated outstanding superior- * Amchem’s registered trademark for its conversion coating chemicals for aluminum 


Crown 5-stage Amchem spray-dip line Amchem electronic sensing device on Amchem Technical Representative con- 
stage one cleaner provides auto- ferring with Crown Production Supt. 
George Hagler (left) on final ad- 
justments to new paint line. 


located on mezzanine level of plant. 
Overall length of finishing and paint mated feed of chemicals. 


line is 291'6”. 


, = Write for Bulletin 
1424C, gives 
AMCHEM detailed technical 
— specifications on 
different Alodine 


chemicals 


Amchem is a registered trademark of ! available far 


pre-treating 


AMCHEM PRODUCTS, INC: (Formerly American Chemical Paint Co.) 
AMBLER, PA. « St. Joseph, Mo. « Detroit, Mich. « Niles, Calif. « Windsor, Ont. 


aluminum, 
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Mr. Design Engineer: 
Here’s toughness in all shapes and sizes... 


Plaskon® Nylon is always ready when there’s a tough job to be done! Rough handling and abuse in both instal- 

lation and use prove the high impact and tensile strength of pipe fittings molded from Plaskon Nylon. Their 

corrosion resistance is superior to that of most metals; cost is often much lower. 

Now available in sizes up to 4 inches, the insert-type fittings shown above are molded of tough Plaskon Nylon. 

N.S.F. approved, they are used in jet well installations, industrial piping, air conditioning, and watering systems 

for livestock, golf courses, lawns, and ice-skating rinks. 

Plaskon Nylon injection molding compounds also offer less shrinkage and better [ 

dimensional control for precision parts such as gears and bearings. Parts mold | Tye 

easily because Plaskon Nylon doesn’t ‘‘drool’’ and has a broader melting range. / 

Call or write for full performance data, and for expert help with any molding problem. hemical 
PLASTICS DIVISION . J 


40 RECTOR STREET, NEW YORK 6. N.Y BASIC TO AMERICA’S PROGRESS 
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SYLVANIA MAKES ALL THREE—ALLOY, CLAD AND PLATED WIRE* 


DU ed 


iN 


wii 


” 


Where to start when you're writing specs 


— Let Sylvania give you an unbiased recommendation on wire 


When you’re designing and specifying materials for 
special purpose applications, selection of the proper 
wire can be all-important. Clearly, there are wide 
variations in corrosion resistance, oxidation resistance, 
strength and conductivity. 

That’s why more and more engineers start with 
Sylvania when they specify wire. Of all major manu- 
facturers, only Sylvania makes all three types of bare 
wire — alloy, clad and plated. Sylvania makes them in 


S 7 I \ pr 


a full range of sizes, too—.002” to .250”. Each and every 
one retains optimum characteristics up to recommended 
operating temperatures. 

With such a complete line, you can be sure that a Sylvania 
recommendation is unbiased. It’s based on your needs — 
not restricted by a limited line. Full details—for future 
use or help on a present project—are yours at Sylvania 
Electric Products Inc., Parts Division, Warren, 
Pennsylvania. Call or write. 


TL, 


subsidiary of GENERAL TELEPHONE & ELECTRONICS ‘ses) 
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Report from Carborundum: 


How industry is 
solving unusual problems 
with unusual refractories 


PACKING EXPANSION JOINTS: 


CERAMIC FIBER WITHSTANDS 2300°F; EASILY PACKED; OBTAIN- 
ABLE IN MANY FORMS. riserrraxe ceramic fiber extends the tempera- 
ture ceiling of fibrous insulating materials; opens new application 
areas. In rope or bulk form, it makes an excellent expansion-joint 
packing for refractory furnace walls. It is light in weight, highly resilient, 
does not shrink, is impervious to heat shock, and is inert to most fur- 
nace atmospheres. Various forms of FiperFRAx — e.g. cloth, board, 
paper etc. — also offer advantages for gasketing, sealing, wrapping, 
lining, encapsulating, blanketing and jacketing. 


ZINC ORE REDUCTION IN VERTICAL RETORT: 


RUGGED REFRACTORY WALLS CONDUCT HEAT FAST, STAY GAS 
TIGHT. Five million Btu's must be transferred through refractory walls 
such as shown at left for every ton of zinc produced. High heat conduc- 
tivity — 11 times that of firebrick — is provided by carsorraxe silicon 
carbide retort walls. Internal temperatures reach 2000°F. Other impor- 
tant refractory properties: great physical strength at high temperatures, 
chemical inertness, and unequalled abrasion and erosion resistance. 
Low permeability is also important because gas-vapor mixtures pro- 
duced in the retort must be contained. 


SPRAY NOZZLE FOR CORROSIVE SERVICE: 


REFRACTORY REPLACES METALS—RESISTS HIGH TEMPERATURES, 
CORROSION, THERMAL SHOCK. The nozzle illustrated sprays a 15% 
solution of SO, in water at 150°F into a chamber operating at over 
1700°F. Conditions involve severe thermal shock and corrosion. Pre- 
viously used metal nozzles often lasted less than two months. Nozzles 
made of Carborundum's silicon carbide have shown no signs of failure 
after five years of service — another example of how these versatile re- 
fractories can take unusual forms to meet highly specialized problems. 





REFRACTORY PARTS FOR PUMP RESIST WEAR, OUTLAST HARDEST 
METAL ALLOYS. Development of rerraxe, a silicon-nitride- bonded sili- 
con carbide, makes it possible to use refractories in many applications 
usually requiring metals. It can be formed with high dimensional accu- 
racy as well as a high finish. Examples of use are impellers and shell 
liners in ‘‘Lightning’”’ sand and gravel pumps made by Kansas City Hay 
Press Co. Comparative performance during a six months’ test pumping 
150 GPM of water with 20% silica sand against a 70-foot head has 
shown that rerrax parts give more than five times the life of duplicate 
parts made of nickel chrome alloy. 


MAKING 200 TONS OF STEEL BEHAVE: 


TARGET BLOCK HELPS KEEP FURNACE TEMPERATURE AT MAXIMUM 
PRODUCTION LEVEL. The temperature detector shown in the open 
hearth roof at left is mounted in a hollow silicon carbide block. The 
detector is focused on a target disc made of another one of Carborun- 
dum’s refractories — rerrax refractory. Radiated heat from the disc 
provides a constant check on roof temperature . . . assures maximum 
production without danger of “‘losing’”’ the roof. These two refractories 
provide the necessary properties of high heat conductivity, resistance 
to high temperatures and furnace gases and exceptional hot strength. 
Device is manufactured by Leeds & Northrup Co. 


FIRING ELECTRICAL PORCELAINS: 


SILICON CARBIDE KILN FURNITURE SIMPLIFIES CAR SETTINGS, 
PROTECTS WARE; IMPROVES HEAT CIRCULATION. Kiin car at left is 
loaded with electrical insulators supported by Carsorrax silicon car- 
bide tile, posts and girders. Setting enables car to carry maximum load; 
may be rearranged as needed to suit different sizes of ware. CARBOFRAX 
furniture possesses high hot strength, resists deformation, reduces 
breakage losses — in trip after trip through the kiln. Furniture is also 
designed to permit uniform circulaton of heat through and around car 
for best ware firing conditions. 


SINTER-PLANT DUST COLLECTOR: 


REFRACTORY LINING LASTS YEARS IN SERVICE INVOLVING HIGH- 
VELOCITY GAS AND ABRASIVE PARTICLES. Superior resistance to en- 
trained abrasive particles is shown by a lining made of a Carborundum- 
made refractory in this primary dust collector. Cone lined with 
Carborundum’s material has handled more than 2,500,000 Ibs of abra- 
sive sinter dust in seven years. Ordinary brick in other parts of the 
same collector has worn back to the shell in only 5 months. Other wear- 
resistant applications for Carborundum’s refractories are in duct lin- 
ings, blast furnace downcomers, hydro cyclones, chutes, bins, feeder 
tables, gas scrubbers, nozzles and other related applications. 


Want help on your problems? Carborundum engineers will 
be glad to recommend refractories to answer your specific needs. For information, contact 
Dept. MD-61 Refractories Division, Carborundum Co., Perth Amboy, N. J. Descriptive bro- 
chures available on request. Please specify the area or areas of particular interest to you. 


for engineered refractories... count on 
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175° F. sand, being blown to storage, regularly wore through special Abrasive sand finally gnawed through ADIPRENE® 


abrasion-resistant alloy steel wear plates at duct elbows in only 2 months urethane rubber liner in elbows — but it took 6 months. 


Foundry finds ADIPRENE”’ outwears steel 3 to 1 


This interesting application shows dramatically how tough 
ADIPRENE urethane rubber really is. And designers are 
finding that this outstanding abrasion resistance . . . plus 
excellent load bearing capacity and low temperature re- 


sistance . . . is the solution to many design problems. 


For example, industrial wheels made of ADIPRENE are 
| 


outlasting those made of ordinary rubber 5 to 1. A lead- 


ing auto manufacturer is using ADIPRENE for longer lasting 


ball joint seals. Manufacturers in both civilian and defense 
industries use ADIPRENE for impact, shock and abrasion 
resistant mounts, bumpers, bushings, suspension straps. A 
metalworking company is employing ADIPRENE as a female 
stamping die . . . finds that it survives 50,000 impacts as 
compared to only 400 for ordinary rubber. From “potting” 
to pulleys . . . from shoe heels to shock resistant grinding 
wheels . . . ADIPRENE’S unique set of properties can help 
you design better, longer lasting new products. For more 
information about ADIPRENE write E. I. du Pont de Nemours 
& Co. (Inc. ), Elastomer Chemicals Dept. MDE-6, Wilming- 


ton 98. Delaware. 


ADIPRENE® 


URETHANE RUBBER 


SEG. u 5. wat, OFF 
Better Things for Better Living ... through Chemistry 
A For more information, turn to Reader Service card, circle No. 392 For more information, circle No. 420 > 


32 * MATERIALS IN DESIGN ENGINEERING 





good taste 
in stainless steel 


VMICLOUTH 
STAINLESS 


ST E EL.—the CLEAN metal 
for kitchens and food handling. 


McLouth Steel Corporation 
Detroit 17, Michigan 





ialists at General American’s | YOU CA N process involving no electric current, 
n plant in Sharon. Pennsv! j it works equally well on simple or 


vania can deposit an even coating of complex shapes and on small or large 
hard nicke illoyv on most terrous &y A q a q i rfaces. Thickness uniformity of 
YY ; , ? 


sin common use. Regardless of he coating is independent of part 


gh, wide or heavy the object WE CAN PLATE IT! compl xIty or size. 


you can get it to Sharon, we 


ants tabs the tabestor. NO MATTER WHAT THE SIZE 0"!Y General American and its 
authorized licensees around the world 


‘fore General American developed OR SHAPE OF YOUR PRODUCT, can show you how Kanigen coating 
ligen coating, It Was next to Im- may improve your product. The 
sienag Spi | IT CAN BE COATED BETTER ° 


ven nicke Kanigen process is protected by 


cor” WATH KANIGEN "02 on Fn 


e Kanigt detailed technical literature, write 
h 


lL ¢ emical NICKEL ALLOY lor bulletin No. 561. 


Kar n D 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
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for quality in appearance and performance 


Plexiglas ...lmplex 


Why are there so many parts molded of IMPLE 
high-impact acrylic, and PLEXIGLAS® acrylic plastic on 
the 1961 Ramblers? Here are the reasons. 


IMPLEX is used for metallized armrest supports because 
of its superior toughness ... for air conditioner hous- 
ings and grilles because of its excellent appearance, its 
strength and good moldability in thin sections ... for 
radio, window crank and gear shift knobs because of its 
dimensional stability and stain resistance. 


PLEXIGLAS is used for tail light, back-up and parking 
light lenses because of its outstanding optical properties 
and weather resistance . for the speedometer dial be- 
cause it calls for edge-lighting . . . for medallions and 


other ornaments because the crystal clarity of PLEXIGLAS 
gives depth and sparkle to back-surface decorations. 


The properties of these Rohm & Haas molding materials 
may well benefit a part on which you are working. Our 
design staff will be pleased to help you use PLEXIGLAS 
and IMPLEX to your advantage. 


ROHM F 
HAAS &@ 


PHILADELPHIA S,. PA 


In Canada: Rohm & Haas Co. of Canada, Ltd., West Hill, Ontario 
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How to use Clad-Rex vinyl-clad metal in the design and engineering 
of hospital furniture and other products 


ature of Clad-Rex 
would seem to 

how it can be uS¢€ a 

isual characteristics 

vinyl coating itsell 

as oft usage mucnh 

ight be expected So 

to overlook possible applica- 

within your product line, con- 

Clad-Rex as a basic material 

of its advantages 

individual parts and sub- 

assemblies of your products as well 

is the whole enclosure. In this manne 

your manufacturing methods and 

costs, your sales appeal, and product 
profit can be best helped 

The sales appeal of Clad-Rex 

vinyl-clad metal 

The vinyl surface of Clad-Rex is, in 

fact, a finish. It is available in a broad 

ange of colors and embossed tex- 

ires. Actually, 


n almost unlimited variety of stock 


Clad-Rex prov ides 


and custom multi-color patterns 
Special prints in register can be pro- 
ded also. The stock line, bleached 
alnut decor used by American 
Seating gives the feel and rich 
warmth of fine wood 
The abrasion resistance of 
Clad-Rex vinyl-clad metal 


vinyl surface of Clad-Rex, being 


a poly-vinyl chloride film, offers great 
resistance to abrasion. This wear- 
ability would include scuffing and 
scraping. Texturing effectively hides 
even deep cuts in the vinyl surface 
This resistance to abrasion enables 
American Seating to capitalize on 
fine finish without extraordinary care 
in handling during manufacturing 
Matter of fact, rejects common to 
highly finished products are greatly 
reduced with vinyl-clad metals 


The corrosion resistance of 
Clad-Rex vinyl-clad metal 
Having all the advantages of poly- 
vinyl chloride, the surface of Clad- 
Rex vinyl-clad metal protects against 
acids, alkalis and other corrosive 
chemicals. It is free of pin holes. As 
a result, it offers unusual dielectric 


properties as we ll 


The tops of the “Bedside Susan” 
Cabinet and “Overbed” Butler in the 


Clad-Rex Viny/-Clad Meta/ is a product of 


“Nw 


NEER 


7 


American Seating group are san 


white, non-staining Clad-Rex 


The fabrication of Clad-Rex 
vinyl-clad metal 
American Seating methods for fab- 
ricating Clad-Rex vinyl-clad metal 
are much like they used for bare 
sheet metal. Finishing, cf course, is 


not needed nd brake forn 


Most important to any remarks about 
although Clad-Rex is 
obviously different from bare metal 


fabrication 


the unusual quality of the vinyl-to- 
metal bond tends to minimize the 
difference. As a result, American 
Seating fabricates within their own 
facilities without complex or unusual 
techniques or tooling 

All conventional, mechanical meth- 
ods of fastening are commonly used 
However, althcugh vinyl-clad metal 
parts can be assembled with stud 
and projection resistance welding 
some limitaticns in spot and s¢ 
welding do exist. Until the present 
research for a solution is completed 
other conventional methods of joir 


ing must be used 


A source of engineering service 
Take full advantage of the enginee 
ing and research facilities of Clad- 
Rex. Call or write for Report 6101 
“How to Use Vinyl-Clad Metal in the 
Design and Engineering of Com- 
mercial Furniture’. Simoniz In- 
dustrial Products, 11512 West King 
Street, Franklin Park, Illinois (Phone 


Gladstone 1-2323) 


s 


SIMONI2Z INDUSTRIAL PYPROYMDVUCTS 


A Division of Simoniz Company 


CLAD-REX VINYL-CLAD METALS *® SIMONAIRE FOAMS AND INDUSTRIAL CHEMICALS 
SIMONIZ RESEARCH, DEVELOPMENT AND ENGINEERING 
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Ameripol Rubber 
helps 
ball maker 
bounce back into 

ce Intensified competition in selling sponge 
competition rubber balls inspired a thorough cost study 
by Barr Rubber Products Company. To help make it, they called in a Goodrich-Gulf sales 
engineer. A switch from natural rubber to an Ameripol synthetic rubber polymer really 
produced results. Barr was able to cut its raw material costs substantially. Quality of the 
end product is maintained at the same high level, and processibility improved. If you make 
or use rubber products, check Goodrich-Gulf. We produce the 
broadest range of synthetic rubber polymers, and offer complete 
technical service that can help you make improvements. Contact 


Te PREFE@REO BUGOER 


Goodrich-Gulf Chemicals, Inc.,1717 East 9th Street, Cleveland 14, Ohio. 


Goodrich-Gulf Chemicals, Inc. 


WORLD’S LARGEST SOURCE OF SYNTHETIC RUBBER 
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Said Isaac Newton: 
“Every particle of matter attracts every other particle with a force directly proportional to the product 
of their masses and inversely proportional to the square of the distances between them.” 


Until recently, the thrust which propelled rocket vehicles into their coast stage, prior to orbiting, was provided by booster 
stages. The fuel carried by the satellite stage was used only to inject itself into orbit. 

Now, however, a scientist at Lockheed Missiles and Space Division has evolved a Dual Burning Propulsion System 
which allows higher orbits and heavier payloads. With this system, the satellite vehicle fires immediately after the last booster 
stage burns out, thus augmenting the begin-coast speed. Later the satellite stage is re-started to provide orbit injection. 

An even more recent development by Lockheed is a triple-burning satellite stage. This will permit a precise 24-hour 
equatorial orbit, even though the vehicle is launched a considerable distance from the equator. 

These principles have made possible the early development of the MIDAS satellite. Moreover, they substantially 
increase the altitude and payload of the DISCOVERER series. Lockheed, Systems Manager for these programs and for the 
POLARIS FBM,iS pursuing even more advanced research and development projects. As a result, there are ever-widening op- 
portunities for creative engineers and scientists in their chosen fields. 

Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-15D, 962 West 
El Camino Real, Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial security clearance required. 


All qualified applicants will receive consideration for employment without regard to race, creed, co/or or national origin. 


/ 
Lockheed / wissices AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS Programs 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ. SANTA MARIA, CALIFORNIA®*® CAPE CANAVERAL, FLORIDA®* HAWAII! 
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What’s News in Plastics... 


TV Backings 


Vaporizers 


Radio Cabinets 


Yours with new Escon 125 molding grade polypropylene! 


Household appliances, radio cabinets 
and TV backings take full advantage 
of the remarkable properties of Escon 
125 polypropylene. This outstanding 
new grade is designed to maximize 
performance for long periods at high 
temperatures. Exceptional perform- 
ance is achieved through a special 
LTHA (Long Term Heat Aging) sta- 
bilization system developed by Enjay 
research affiliates. 

Escon 125 offers oxidative stability 


that, in carefully conducted labora- 
tory tests against other commercially 
available grades of polypropylene de- 
signed for this type of service, out- 
performed all others tested. Specimens 
of Escon 125 withstood almost three 
months of oxidative aging at 300°F; 
specimens exposed to 250° F have shown 
no signs of failure after seven months. 

Melt index is 5.5 at 230°C. No 
changes are required in equipment, 
processing conditions or coloring tech- 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


A For more information, turn to Reader Service card, circle No. 432 


niques from those used with gen- 
eral purpose molding grades. For 
test samples and typical proper- 
ties of new Escon 125, write to 
Enjay, 15 West 51st Street, New 
York 19, New York. 


PLASTICS 


For more information, circle No, 415 > 
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NS SPECIAL WIRE TRANSMITS 


Doctors are saving more lives today in heart 
surgery cases through the transmission of carefully 
timed electrical pulses into the heart. Many patients 
suffering from lost heartbeat due to surgery or other 
causes have been restored to active life through 
such heart stimulation. 

A LEADING MEDICAL INSTRUMENT COMPANY de- 
veloped a pocket-size electronic package to generate 
the electrical impulse, which is transmitted to the 
heart through the jugular vein by a tiny stainless 
steel braided wire. 

In their search for the right conductor to carry 


the electric pulses to the heart, researchers came to 
National-Standard for help in developing a wire 
flexible enough to follow the intricate path of the 
circulatory system, while, at the same time, soft 
enough to avoid damaging the blood vessels or the 
heart itself. In addition, the wire had to be very 
thin, strong enough to withstand the constant flex- 
ing of the heart, and with just the proper electrical 
characteristics. 

NATIONAL-STANDARD ENGINEERS developed a 
braid of 16 wires, each .0036” diameter, or about the 
thickness of human hair. Using type 302 stainless 





SPARK OF LIFE 


steel wire, NS engineers produced a braided wire 
with high tensile strength, good resistance to frac- 
ture, good conductivity and flexibility just right for 
the delicate application. 

EXPERIENCED ENGINEERING HELP of this kind, 
for jobs requiring high-quality wire, to meet special 
or unique applications, is available to you from 
National-Standard. Write for additional information 
to National-Standard Company, Niles, Michigan. 


sranoarol® NATIONAL-STANDARD COMPANY 
Niles, Michigan 
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NS SPECIAL WIRE transmits spark of life from transis- 
torized, battery-powered package, through jugular vein, to 
the heart. Carefully timed electrical pulses train tired hearts 
to beat normally again. 





Product 
Line 


A full line of modern thermoplastics is one of the ten major services offered by the 
Grace Service Plan. You get expert assistance in selecting from a range of versa- 
tile materials: high density polyethylene, low and medium density polyethylene, 
polystyrenes, and special compounds such as flame retardant and electrical 
insulating materials. And now we offer you Moplen* polypropylenes to help you 
decide on just the right plastic to do the right job. It costs no more to call for that 


extra touch of Grace. 





Ww R. GRACE & CO. Potvmer cHemicats diviSION, CLIFTON, N.J 
GREX® POLYETHYLENES - GRACE POLYSTYRENES « MOPLEN* POLYPROPYLENES - *mowrecarins TRADEMARK PLASTICS 


A For more information, turn to Reader Service card, circle No. 442 


€ For more information, circle No. 415 
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@ SUPPLIERS’ FREE LITERATURE. Turn page for current list, pp 45-49. 
@ INFORMATION ON ADVERTISED PRODUCTS. Key numbers appear on or next to most advertisements in this issue. 


@ MORE INFORMATION ON NEW PRODUCTS. A key number is given at the end of most articles in the 
What’s New in Materials section. 


@ REPRINTS OF M/DE MANUALS. These are available for a small charge; see reverse side of this card. 
@ SUBSCRIPTION TO M/DE. Just check one of the blocks provided at bottom of reply card. 
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These are but a few of the outstanding 
articles you may miss if you do not 
receive your own copy of MDE each 
month. If you need to know the latest 
about engineering materials, forms 
and finishes, why not make sure you 
see every copy of the one magazine 
edited solely for this purpose. Cost 
only $3.00 per year (in U. S.); $5.00 for 
two years. To start your issues coming, 
simply check one of the two boxes at 
the bottom of the postage-free card 
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Now you can use these postage-free 
cards to order reprints of recent M/DE 
Manuals and Special Reports. Use the 
list below and circle the appropriate 
key numbers on the card. You will be 
billed later—35c for each reprint.* A 
list of earlier Manuals and Special Re- 
ports still available appears on p 182. 
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Suppliers’ Literature 


Books, p 51 


Reports, p 52 


Suppliers’ New Bulletins 





Polyester Resins. American Cyana- 
mid Co., Plastics & Resins Div., 10 
pp, illus. Chemistry, classification, 
characteristics, and hints on the selec- 
tion of polyester resins. 


Properties of Ceramics. American 
Lava Corp., Steatite Div., illus., No. 
611. Chart lists physical, mechanical, 
and electrical properties of steatite, 
forsterite, zircon, cordierite, alumina, 
and other ceramic materials. 2 
Copper-Base Alloys. Ampco Metal, 
Inc., 16 pp, illus., No. G-60. Chemical 
compositions, physical properties, and 
typical applications of a series of wear 
and corrosion resistant copper-base 
alloys. Includes a description of serv- 
ices and facilities available for the 
production of sand, centrifugal, and 
shell mold castings; extrusions; ma- 
chined parts; and fabrications and 
finished products. 


Vacuum Metallizing, Bee Chemical 
Co., 4 pp, illus. Chart lists surface 
and property desired, recommended 
metallizing systems, method of coat- 
ing and thinning, and typical proper- 
ties. 4 


Ultrasonic Cleaning. Branson In- 
struments, Inc., 14 pp, No. S-700. 
Physical properties, suggested appli- 
cations, working temperatures, proce- 
dures, and other information on sev- 
eral chemicals used in ultrasonic 
cleaning. 

Magnesium Products. Brooks & 
Perkins, Inc., 16 pp, illus., Feb. ’61. 
Information on services and facilities 
available for the production of mag- 
nesium, titanium, aluminum, and boral 
products. Includes a series of case 
histories describing various parts cur- 
rently being produced for the aero- 
space industry. 

High Temperature Materials. Car- 
borundum Co., Advanced Materials 
Technology, 8 pp, illus. Advantages, 
characteristics, physical and mechani- 
cal properties, corrosion resistance, 
typical applications, and other infor- 
mation on silicone carbide, ceramic 
fibers, boron nitride, zirconium and 
zirconium alloys, hafnium, ceramics, 
and other high temperature mate- 
rials, 


Machining Stainless Steels. Car- 
penter Steel Co. Slide chart gives pre- 


cise data on turning, drilling, tapping, 
threading, milling, and reaming stain- 
less steels. Includes relative work- 


ability and information on such oper- 
drawing, 
roll 

8 


deep 


heading, 


ations as blanking, 
stamping, forging, 
threading, welding, etc. 


Metallized Mylar. Coating Products, 
Inc., 6 pp. Series of tip-on samples 
illustrate the variety of colors, pat- 
terns, and special effects available in 
metallized Mylar. 9 


Steel Tubing. Copperweld Steel Co., 
Ohio Seamless Tube Div., 8 pp, illus., 
No. CS-61. Characteristics, applica- 
tions, sizes, secondary operations, ad- 
vantages, tolerances, specifications, 
and other information on seamless 
and welded steel tubing. 10 


Story of Glass. Corning Glass 
Works, 68 pp, illus. Colorful booklet 
discusses the development of glass; 
types of glass presently available; 
glass-ceramics; properties of glass; 
how glass is made and finished; how 
glass is used in science, industry, 
electronics, lightings, etc.; and the 
future of glass. 11 
TFE, Reinforced TFE. Dixon Corp., 
Plastics Div., 4 pp, illus., No. 9572. 
Compares electrical, physical, me- 
chanical, and chemical properties of 
reinforced and conventional TFE 
fluorocarbon plastics. Includes infor- 
mation on basic shapes and typical 
fabricated parts. 12 


Floating Structures. Dow Chemi- 
cal Co., Plastics Sales Dept., 24 pp, 
illus., No. 32-B (NN). Advantages, 
limitations, sizes, properties, design 
information, and typical applications 
of floating structures made with poly- 
styrene foams. i3 


Porcelain Enameled Parts. Erie 
Ceramic Arts Co., 4 pp, illus., No. 
lg/er. Physical, chemical, thermal, 
electrical, and surface properties; ad- 
vantages; and typical applications of 
small porcelain enameled parts. In- 
cludes a description of services and 
facilities available. 14 


Aluminum Selector Chart. Fair- 
mont Aluminum Co., 6 pp. Strength, 
thermal and electrical conductivity, 
density, specific gravity, melting 
range, weight, tolerances, fabrication 
characteristics, available finishes, hard- 
ening properties, embossing designa- 
tions, and typical uses for ten most 
used aluminum alloys. 


Friction Materials. Firestone Tire 
& Rubber Co., World Bestos Div., 4 


T.TTH 
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pp, illus., No. 1051. Size limits, tol- 
erances, material descriptions, tensile 
strength, coefficient of friction, rec- 
ommended service, and other informa- 
tion on parts and materials for 
brakes, clutches, automatic transmis- 
sions, and vibration dampers. 16 


TFE Products. Fluorocarbon Co., 4 
pp. Information on services and fa- 
cilities available for the production 
of TFE and Kel-F fluorocarbon "— 


ucts. 


Dially! Phthalate Varnishes. Food 
Machinery & Chemical Corp., Chem- 
icals & Plastics Div., Dapon Dept., 
8 pp, illus., No. 32. Information on 
the formulation and use of insulating 
varnishes based on diallyl phthalate 
resins. Includes information on prop- 
erties and uses of diallyl phthalate 
for coating, sealing, dip encapsula- 
tion, and laminating applications. 18 


Lithium Compounds. Foote Mineral 
Co., 6 pp, No. 108. Specifications, 
chemical analyses, properties, present 
and suggested uses, and other infor- 
mation on several lithium compounds. 

i9 


Tungsten, Molybdenum. General 
Electric Co., Lamp Metals & Com- 
ponents Dept., 80 pp, illus. Proper- 
ties, structure, finishes, uses, availa- 
bility, and prices of tungsten and 
molybdenum metal powders, rod, and 


wire. 20 


Silicone Potting Compounds. Gen- 
eral Electric Co., Silicone Products 
Dept., 4 pp, illus., No. CDS-280. Ad- 
vantages, characteristics, properties, 
typical applications, and instruction 
on the use of a clear silicone potting 
compound. 21 


Molded Reinforced Plastics. Gis- 
holt Plastics Co., Masterglass Plas- 
tics Div., 8 pp, illus., No. 1181-B. 
Advantages, cect, typical 
applications, properties, and a de- 
scription of facilities available for 
the production of reinforced plastics 
moldings. 22 


Vinyl! Resins. B. F. Goodrich Chem- 
ical Co., 24 pp, No. G-15. Informa- 
tion on the preparation and applica- 
tion of vinyl solution resins for coat- 
ing metal, wood, paper, fiberboard, 
and rubber. Includes a list of proper- 
ties and a discussion of application 
procedures. 23 
High Density Polyethylene. Good- 
rich Gulf Chemicals, Inc., 12 pp, illus., 
No. 1. Physical, electrical, and chemi- 
cal properties; specific advantages; 


TURE 





and other information on high density 
polyethylene. 24 
Epoxies. Hauger-Beegle Associates, 
Inc., 4 pp, illus. Describes what epox- 
ies are, how and where they are 
used, and what properties, character- 
istics, and advantages they offer. 25 
Paper Honeycomb. Hexcel Products, 
Inc., 8 pp, illus., No. 6377. Advan- 
tages, characteristics, properties, 
sizes, typical uses, design informa- 
tion, and other data on paper honey- 
comb material. 26 


Plastics Properties. A. L. Hyde 
Co. Chart gives mechanical and elec- 
trical properties, and test methods, 
for polycarbonate, acetal, nylon, and 
acrylic plastics. 27 
Cemented Carbides. Kennametal, 
Inc., 16 pp, illus., No. B-777. General 
information, advantages, characteris- 
tics, typical uses, and other informa- 
tion on a hard cemented carbide with 
high rigidity. 28 


Corrosion Resistant Coatings. Le- 
onetti Enterprises, 20 pp, illus. Ad- 
vantages, chararacteristics, typical 
applications, surface preparation, cor- 
rosion resistance, and other informa- 
tion on a corrosion resistant coating. 

29 


core 


Abrasion Resistant Steels. Nation- 
al Steel Corp., Great Lakes Steel 
Corp. Div., 8 pp, illus. Chemical com- 
positions, mechanical properties, cor- 
rosion resistance, heat treatment, 
fabrication information, typical ap- 
plications, and other information on 
two abrasion resistant steels. 30 


Chromium Coatings. Pennsalt Chem- 
icals Corp., 12 pp, No. MP-627. Gen- 


Other Available Bulletins 
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Iron Powders. Alan Wood Steel Co., 
8 pp, No. 2. Results of tests made on 
various grades of iron powder. Covers 
briquetting pressure, transverse rup- 
ture, hardness, and size change. Also 
discussed are mixes for each grade, 
sintering temperatures, time and at- 
mosphere, dimensional change, and 
sereen and chemical analyses. 44 
Aircraft Steels. Allegheny Ludlum 
Steel Corp., 24 pp. Mechanical and 
physical properties at various tem- 
peratures, heat treating and fabrica- 
tion data, and applications of AM- 
350 and AM-355 precipitation harden- 
ing aircraft steels. 4 
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advantages, char- 
acteristics, physical properties, typi- 
cal uses, methods of applying and 
preparing surfaces, and other infor- 
mation on a chromium corrosion re- 
sistant coating. 31 


Foamed, Reinforced Plastics. Poly- 
structures, Inc., 4 pp, illus., No. 611. 
Information on the services and fa- 
cilities available for the production 
of foamed and reinforced plastics 
parts with controlled properties. In- 
cludes property tables and 
applications. 


Machining Reinforced TFE. Rogers 
Corp., 2 pp, No. 127. Recommended 
methods of machining reinforced TFE 
materials, including information on 
handling, tools and work set-up, 
heavy machining, drilling, reaming, 
tapping, and finish grinding. 33 


Industrial Ceramics. Saxonburg Ce- 
ramics, Inc., 20 pp, illus. Electrical 
and mechanical properties, design 
considerations, advantages, and char- 
acteristics, fabrication data, chemical 
analyses, sizes and tolerances, and 
other information on steatite, forster- 
ite, cordierite, alumina, porcelain, and 
other ceramic materials. 34 


Annealed Stainless Steel. Sharon 
Steel Corp., 4 pp, illus. Advantages, 
characteristics, typical uses, and oth- 
er information on bright annealed 
stainless steel. 

Plastics Laminates. Spaulding Fi- 
bre Co., Inc. General descriptions, 
characteristics, and specifications of 
15 different phenolic, epoxy, mela- 
mine, and polyester fire resistant in- 
dustrial plastics laminates. Includes 
information on copper-clad materials. 


eral information, 


typical 
32 


Ultra Pure Graphite. Speer Carbon 
Co. Information on purity limits, 
available sizes, physical properties, 
and applications of a line of ultra 
pure graphites. Includes information 
on both molded and extruded forms 

37 


Plastics Laminates. Taylor Fibre 
Co., 8 pp, illus. Information on avail- 
able grades; specifications; colors; 


Hardenable Cast Stainless Alloy. 
Alloy Casting Institute, 6 pp, illus. 
Composition, room temperature prop- 
erties, corrosion resistance, weldabil- 
ity, typical applications and other 
information on a _ hardenable cast 
stainless steel alloy. 46 


Ferrous Forgings. American Brake 
Shoe Co., AmForge Div., 28 pp, illus. 
Facilities and services available for 
the production of drop, upset and 
press forgings. 47 


Ductile Iron Parts. American Cast 
Iron Pipe Co., Special Products Div., 
36 pp, illus. Grades, dimensions, 
weights, uses, specifications and other 
information on ductile iron piping, 
rolls and other parts. 48 


Aluminum-Coated Steel Wires. 


Page Steel & Wire Div., American 
Chain & Cable Co., Inc., 6 pp, illus., 
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sizes; physical, mechanical and elec- 
trical properties; and typical appli- 
cations of various plastics laminates 
and vulcanized fibre. 


Polysulfide Rubber. Thiokol Chemi- 
cal Corp., 12 pp, No. CR-13. Proper- 
ties of polysulfide rubber compounds 
containing five new oil furnace car- 
bon blacks as reinforcing fillers. Dis- 
cusses tensile properties, tear resist- 
ance, hardness, extrusion characteris- 
tics, etc. 39 


Acrylonitrile Data, Union Carbide 
Corp., Union Carbide Chemicals Co. 
Div., 25 pp. Physical properties; re- 
actions; applications; specifications; 
test methods; storage, handling and 
shipping; toxicological properties; and 
other information on acrylonitrile 
used in the production of synthetics, 
fibers, elastomers, solvents, plastici- 
zers, etc. 4 


Tool Steels. Vanadium-Alloys Steel 
Co., 9 pp, illus., No. CS. Composition, 
annealing, hardening, tempering, and 
typical uses of five tool steels. 41 


Molybdenum Spray Wire. Wah 
Chang Corp., 3 pp, illus., No. 109. 
Characteristics, advantages, applica 
tions, available sizes, shipping and 
ordering information, and other de- 
tails on molybdenum wire for spray 
metallizing and plasma-are techniques. 

161 


Westing- 
Mfg. 
Gen- 

cor- 


lron-Base Superalloys. 
house Electric Corp. Materials 
Dept., 12 pp, illus., No. 52-263. 
eral information, oxidation and 
rosion resistance, metallurgical char 
acteristics, physical properties, me- 
chanical properties, creep-rupture 
properties, availablity, typical appli- 
cations, processing information, and 
other data on an iron-base super- 
alloy. 


Powder Metallurgy Parts. Wickes 
Corp., U. S. Graphite Co. Div., 8 pp, 
illus., No. 21. General description of 
powder metallurgy process, and spe- 
cific discussions of bronze metal pow- 
der bearings, including properties, 
running clearances, and methods of 
assembly. 43 


No. DH-53 7B. Properties and uses 
of hot-dip and aluminum-coated steel 
wires and wire products. 49 


Welded Steel Tubing. Armco Stee! 
Corp., 4 pp, No. PO6759. Advantages, 
typical uses, and fabrication possibil- 
ities of welded steel tubing. 50 


Small Diameter Tubing. J. Bishop 
& Co. Platinum Works, 24 pp, illus. 
Properties, availability and uses of 
smal] stainless steel tubing. Also cov- 
ered is the use of clad metals and 
composite wires in the instrument, 
missile and electronic fields. 51 


Investment Castings. Casting En- 
gineers, Inc., 84 pp, illus. Design con- 
siderations, castable metals and al- 
loys, tolerances, and costs of conven- 
tional investment castings and minia- 
ture precision cast parts. 52 
High Alloy Castings. Duraloy Co., 
20 pp, illus., No. G-159. Physical 





properties of corrosion resistant, heat 
resistant and abrasion resistant high 
alloys used for static, centrifugal and 
shell molded castings. 53 


Rolled Steel Rings. Edgewater 
Steel Co., 12 pp, illus. Describes and 
illustrates a process by which rolled 
steel rings are formed from solid 
blocks. 54 


Steel Tubing. General Motors Corp., 
Rochester Products Div., 12 pp, illus., 
No. 271. Typical applications of GM 
tubing made in both single and dou- 
ble walls of steel. 55 


Air Hardening Steel. Latrobe Steel 
Co., 8 pp, illus. Physical and mechan- 
ical properties, heat treatment, com- 
position and high temperature prop- 
erties of an air hardening steel. S56 


Specially Shaped Wire. Little Falls 
Alloys, Inc., 4 pp, illus. Properties, 
specifications and available alloys in 
which specially shaped round, flat, 
square and rectangular wire is avail- 
able. 57 
Malleable Iron Castings. Malleable 
Castings Council, 8 pp, illus. Design 
considerations, machinability, and im- 
pact and corrosion resistance of 
standard and pearlitic, malleable iron 
castings. 58 
Zinc-Coated Steel Sheets. Nation- 
al Steel Corp., Weirton Steel Co. Div., 
8 pp, illus. No. 572. Advantages, 
characteristics, typical applications, 
sizes, and other information on elec- 
trolytic zine-coated steel sheets. S9 


Wire Cloth. Newark Wire Cloth Co., 
to select, use and 
types of 

60 


How 
grades 


4 pp, illus. 
check various 
wire cloth. 
Metal Spinning. Phoenix Products 
Co., Inc., Metal Spinning Div., 4 pp, 
illus., No. F960. Advantages, charac- 
teristics, and typical uses of various 
metal spinnings. Includes information 
on sizes, tolerances, metals and alloys 
handled. 


Roll Formed Shapes. Rol! Formed 
Products Co., 32 pp, illus., No. 760. 
Information on roll forming tech- 
niques, design, decorative finishes, 
precision, punching and notching, typ- 
ical applications, and standard angles 
and channels. Includes a series of 
sketches showing various profiles and 
sizes available. 62 


Centrifugal Castings. Sandusky 
Foundry & Machine Co., 16 pp, illus. 
Tells how centrifugal castings are 
made, and shows the use of these 
castings in unfired pressure vessels 
and nuclear equipment. 


Spring Steels. Sandvik Steel, Inc., 
6 pp, illus. Sizes, materials and chem- 
ical composition of spring and spe- 
cialty strip steels. 

Woven Wire Fabrics. Sherwatt 
Equipment & Mfg. Co., Inc., 8 pp, 
illus., No. S-1-RAW. Specifications, 
meshes, gages, metals, typical appli- 
cations, and other information on 
woven wire fabrics. 65 
Testing Stainless Steel. Union 
Carbide Metals Co., Div. of Union 
Carbide Corp. Card gives instructions 
for making a chemical spot test to 
distinguish 200 series from 300 series 
stainless steel. 66 


and 


Steel Castings. Unitcast Corp., 
illus., No. 649A. Testing facilities for 
insuring high quality production of 
steel castings. 67 


Welded Steel Tubing. Welded Steel 
Tube Inst., 12 pp, illus., No. 8591. 
Compositions, advantages, size ranges, 
typical applications, fabrication infor- 
mation, joining methods, and other 
information on carbon and stainless 
steel welded tubing. 


Expanded Metals. Wheeling Steel 
Corp., 8 pp, illus., No. WC-227. Ad- 
vantages, characteristics and avail- 
able types of regular and flattened 
expanded metals. 69 


Low Alloy Steel Pipe, Youngstown 
Sheet & Tube Co., 4 pp, illus. Chemi- 
cal composition, physical properties 
and sizes of welded pipe made of a 
low alloy steel consisting of iron, 
carbon, manganese, nickel and copper. 

70 


Nonferrous Metals 
e Parts ¢ Forms 


Sulfur Copper Alloy. American 
Metal Climax Inc., Amco Div., 8 pp, 
illus., No. C-17. General information, 
advantages, mechanical and physical 
properties, annealing and drawing 
characteristics, and typical applica- 
tions of a sulfur copper alloy. 71 


Copper Alloy Forgings. Anaconda 
American Brass Co., Anaconda Co., 
16 pp, illus., No. B-9. Mechanical and 
physical properties, advantages and 
typical applications of die pressed 
copper alloy forgings. 72 
Low Melting Alloys. Cerro Sales 
Corp., 8 pp, illus., No. J4. Sixty-three 
applications of low melting Cerro 
Alloys in the metalworking field. 73 


Electrical Contacts. Engelhard In- 
dustries, Inc., Baker Contact Div., 20 
pp, illus. Factors influencing the se- 
lection of contact materials; typical 
applications; physical, mechanical and 
electrical properties; and other data 
on electrical contacts made of silver 
and its alloys, platinum and its alloys, 
palladium and its alloys, and gold 
and its alloys. 74 


Aluminum Extrusions. General Ex- 
trusions, Inc., 16 pp, illus. Informa- 
tion on how to specify aluminum 
extrusion alloys, including data on 
mechanical properties, standard mill 
finishes, special finishes, extrusion 
tolerances and typical products. 75 


Wire Cost Calculator. Hoskins Mfg. 
Co. Pocket-size calculator provides 
megohms-per-lb and cost-per-megohm 
of enameled nickel-chromium and iron- 
chromium-aluminum precision resistor 
wire. 76 


Indium Alloys. Indium Corp. of 
America, 93 pp, graphs. Constitution 
diagrams of various indium alloy sys- 
tems. 77 


Beryllium Copper Springs. Instru- 
ment Specialties Co., Inc., 20 pp, illus., 
No. 11. Characteristics, advantages, 
tolerances, and uses of beryllium cop- 
per compression springs, flat springs, 
strip springs, finger contact strips, 
contact rings, and other parts. 78 


Aluminum Casting Alloy. Kaiser 
Aluminum & Chemical Corp., 8 pp, 
illus. Specifications, engineering data 
and casting procedures for high pur- 
ity aluminum casting alloy A356. 79 


Die Castings, Mt. Vernon Die Cast- 
ing Corp., 16 pp, illus. Information 
on facilities and services available 
for the production of aluminum and 
zinc high pressure die castings. 80 


Metal Powder Part Design. New 
Jersey Zinc Co., 24 pp, illus. General 
information on the powder metal 
process and its current uses. Covered 
are compositions and properties of 
nonferrous alloys, commercial toler- 
ances, practical design suggestions 
and elements affecting cost. Included 
are 27 case histories showing uses of 
brass and nickel silver metal powder 
parts. 81 


Specialty Tubing. Olin Mathieson 
Chemical Corp., Metals Div., Roll- 
Bond, 8 pp, illus. Processing infor- 
mation, technical data and typical ap- 
plications of special tubing designed 
into a single, homogeneous sheet of 
metal. 


Copper Forgings. Philadelphia 
Bronze & Brass Corp., 4 pp, illus. 
Physical properties, characteristics, 
applications and_ specifications for 
certified OFHC copper forgings. In- 
formation also on electrolytic copper 
castings. 83 


Aluminum Capacitor Foil. Republic 
Foil, Inc., 4 pp, illus. Advantages, 
characteristics, and other information 
on aluminum capacitor foil. 84 


Copper Extrusions. Revere Copper 
& Brass Inc., 4 pp, illus. Design and 
cost advantages of extruded copper 
and brass shapes. 85 


Zinc Die Castings. St. Joseph Lead 
Co., 22 pp, illus. Discusses zine die 
casting alloys and commercial finishes 
for zine die castings. 8 


Precision Die Castings. Twin City 
Die Castings Co., 14 pp, illus. Facili- 
ties for making precision die castings 
from zinc, aluminum and _ lead-base 
alloys. 87 


Refractory Metals. 
clops Steel Corp., Refractomet Div., 
12 pp, illus. Information on a new 
inert fabrication (InFab) process for 
producing high integrity products 
from molybdenum, columbium, tung- 
sten, and tantalum alloys used in cri- 
tical aerospace applications. 88 


Universal-Cy- 


Plastics & Rubber 

e Parts ¢ Forms 
Plastics Compounds, Allied Chemi- 
cal Corp., Plastics Div., 10 pp. Briefly 
outlines characteristics and applica- 
tions of melamine, urea, alkyd and 
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nylon molding compounds, and poly- 
89 


ester and phenolic resins. 


TFE Tubing. Continental-Diamond 
Fibre Corp., 4 pp, illus. Electrical 
and physical properties, and sizes of 


extruded thin-wall TFE tubing. 90 


Hydraulic Packings. Crane Packing 
Co., 16 pp, illus., No. P-333. Specifi- 
cations and design data for fabric 
reinforced and homogeneous rubber 
hydraulic packings, v-rings, u-cup 
packings and piston cup packings. 91 


Acetal Plastics. E. I. du Pont de 
Nemours & Co., Inc., Polychemicals 
Dept., 6 pp, illus., No. A-6781. Ad- 
vantages, characteristics and typical 
applications of acetal plastics. In- 
cluded is a chart giving specific prop- 
erties for specific uses. 92 
TFE Fluorocarbon Plastics. EF. I. 
du Pont de Nemours & Co., Inc., Poly- 
chemicals Dept., 20 pp, illus., No. 
A-13783. Mechanical properties, chem- 
ical resistance, electrical characteris- 
tics and thermal properties of TFE 
fluorocarbon plastics in terms of spe- 
cific applications. Case histories de- 
scribe the advantages of TFE for 
such things as seals, piston rings, 
valves, antistick materials, and elec- 
trical insulation. 93 


Nylon and Dacron Ropes. E. I. du 
Pont de Nemours & Co., Inc., Textile 
Fibers Dept., 12 pp, No. X-92. Dis- 
cusses the effect of loading on the 
extension and recovery of nylon and 
Dacron rope. 94 


Rubber, Vinyl Parts. Ohio Rubber 
Div., Eagle-Picher Co., 6 pp, illus., 
No. 715. Information on rubber parts, 
and molded and extruded vinyl parts. 

95 


Eastman Chemical 
Plastics Div., 8 pp. 
Physical, mechanical and electrical 
properties; molding and extrusion 
characteristics; and typical uses of 
polypropylene plastics. 96 
Nylon Resins. —— ag Co., 
Inc., Plastics Div., p, No. N-58-2. 
Chemical resistance, Ye proper- 
ties and applications for a line of 
special nylon molding and extruding 
resins. 97 


Polycarbonate Resins. 
Electric Co., Chem. & Met. Div., 
ical Materials Dept., 4 pp, illus., No. 
CDC-375. Typical applications, ad- 
vantages, and complete physical, 
thermal, electrical and chemical prop- 
erties of polycarbonte plastics. 98 


Substitute for O-Rings, Goshen 
Rubber Co., Inc., 12 pp, illus. Sizes, 
tolerances, typical uses, and other 
information on a line of seals de- 
signed as substitutes for O-rings. 99 


Polypropylene. 
Products, Inc., 


General 
Chem- 
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Fiame Retardent Polyethylene. 
W. R. Grace & Co., Polymer Chemi- 
cals Div., 6 pp. Physical and electrical 
properties, and uses of flame retard- 
ent polyethylene resins. 10 

Phenolic, DAP Plastics. Durez 
Plastics Div., Hooker Chemical Corp., 
16 pp, illus. Properties of 33 phe- 
nolic and 3 diallyl phthalate molding 
compounds. 101 


Buty! Rubber. Enjay Chemical Co., 
Div. of Humble Oil & Refining Co., 
12 pp, illus., No. 2d/En. Weather, 
sunlight, chemical, 
resistance, electrical 
uses of butyl rubber. 


Plastics Laminate. G. B. Lewis Co., 
Plexton Dept., 4 pp, illus. Properties 
and uses of a plastics laminate made 
of fibrous materials and polyester 
resins. 103 
Elastomer Compounds. Minnesota 
Mining & Mfg. Co., Chemical Div., 
2 pp, illus. Properties, specifications 
and uses of a new elastomer com- 
pound designed for long time service 


at 400 F. 104 


Rigid Polyethylene Plastics. Phil- 
lips Chemical Co., Plastics Sales Div., 
26 pp, illus. Properties, uses and fab- 
ricating data for rigid polyethylene 
resins. 105 
Machining TFE. Raybestos-Manhat- 
tan, Inc., Plastic Products Div., 12 
pp, illus., No. 0701. Stress relieving; 
tools and coolants; speeds and rates 
of feed; rakes, angles, and clear- 
ances; turning, boring, drilling, tap- 
ping, reaming, counter boring, and 
grinding; tolerances; and other infor- 
mation on machining TFE plastics. 

106 


solvent and heat 
properties and 
102 


Rubber-Coated Fabrics. Vulcan 
Rubber Products Div., Reeves Broth- 
ers, Inc., 8 pp, No. SF-9. Oil, 
heat and abrasion resistance, tensile 
strength, uses and dimensions of nat- 
ural and synthetic rubber-coated fab- 
rics. 107 
Plasticizer for Vinyl. Reichhold 
Chemicals, Inc., 4 pp, illus. Heat and 
light stability, viscosity, low temper- 
ature flexibility and modulus of vinyl 
compounds plasticized with an epox- 
idized ester plasticizer. 10 
Laminated Plastics. Richardson Co., 
8 pp, illus., No. 20,000.13. Grades, 
properties and sizes of laminated 
plastics sheets, rods, tubes and fab- 
ricated parts. 109 


Acrylic Molding Compound. Rohm 
& Haas Co., 8 pp, illus., No. PL-363. 
Physical properties, chemical resist- 
ance and uses of a modified acrylic 
for injection molding and extrusion. 

110 


Plastics Laminates. St. Regis Pa- 
per Co., Panelyte Div., 18 pp, illus. 
Colors, finishes, sizes, thicknesses, 
strength properties, tolerances, electri- 
cal properties, typical applications, 
and other data on a variety of indus- 
trial plastics laminates. 111 
Polystyrene. Shel] Oil Co., Shell 
Chemical Co, Div., Plastics & Resins, 
2 pp, No. SC-60-100. Information on 
facilities and services available for 
the production of polystyrene com- 
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pounds for molding, extruding, 


vacuum forming. 


Films on Plastics. 
Plastics Industry Inc., 
log of motion pictures covering vari- 
ous subjects in the plastics field. 113 


Polyethylene Resins. Spencer 
Chemical Co., 32 pp, illus. Properties 
and uses of low and medium density 
polyethylene resins. 114 


High Temperature Laminates. Syn- 
thane Corp., 2 pp. General descrip- 
tion, availability and properties of 
two high temperature industrial plas- 
tics laminates. 115 


Silicones for Shell Molding. Union 
Carbide Corp., Silicones Div., pp, 
No. SF-1128. Properties of three sili- 
cone parting agents used in shell 
molding. 116 


Nitrile Thermoplastic Sheet. Roy- 
alite Plastic Products Div., U. S. Rub- 
ber Co., 4 pp, illus. Advantages of 
using a nitrile thermoplastic sheet 
material called Royalite in luggage. 

117 


and 
1 


Society of the 
24 pp. Cata- 


a? Rubber. U. S. Rubber Co., 
U. S. Kem-Blo Sponge Dept., 4 pp, 
illus. Applications, dimensions and 
specifications for various types of 
sponge rubbers. 118 


Synthetic Rubber Products, West 
ern Felt Works, Acadia Div., 6 pp, 
illus. Shows various types of molded, 
extruded, die cut and lathe cut syn- 
thetic rubber parts and sheets. 119 


Plastics Laminates. Westinghouse 
Electric Corp., Micarta Div., 8 pp, 
Nos. 63-060 and 63-061. Specifications, 
weight, hardness, bonding and dielec- 
tric strength, dissipation, resistivity, 
tolerances and other information on 
23 paper and fabric-base thermoset 
ting plastics Jaminates for switch- 
board panels, marine bearings and 
electronic components. 20 


Other Nonmetallics 
e Parts ¢ Forms 


industrial Ceramics. Coors Porce- 
lain Co., 4 pp, illus. Series of case 
histories describe advantages of ce- 
ramics for several different applica- 
tions. Included is a chart giving me- 
chanical and electrical properties of 
five grades of alumina ceramics. 121 


Technical Ceramics. Du-Co Ceram- 
ics Co., 8 pp, illus., Nos. 59-10, 60-5, 
60-6. Physical, mechanical, and elec- 
trical properties of steatite, forster- 
ite, alumina, mullite, zirconia, and 
other technical ceramics. Includes 
technical data and specifications on 
insulation tubing for thermocouple 
wire. 122 
Coated Glass nag oo E. I. du Pont 
de Nemours & Co., Inc., Fabrics Div., 
8 pp, illus. Electrical, mechanical and 
thermal properties, solvent and chem- 
ical resistance, and uses of acrylic 
resin-coated glass fabrics and lami- 
nates. 123 


Graphite. Graphite Specialties Corp., 
4 pp, No. GS-101-1. Chemical and 
physical properties of an impervious 
graphite for high temperature po. 





Thermal Insulation. Johns-Manville 
Corp., Industrial Insulation Div., 54 
pp, illus., No. IN-244-A. General de- 
scription, typical applications, avail- 
able forms and types, advantages, 
and specifications of a line of thermal 
insulation materials. 125 


Lead in the Ceramics Industries. 
Lead Industries Assn., 48 pp, illus. 
Properties and uses of lead com- 
pounds in glass, glaze compositions, 
porcelain enamels and other ceramic 
materials and compositions. 6 


Moldproof Paper. Mosinee Paper 


Mills Co., 2 pp, No. 101. Properties 
and uses of a mold resistant paper. 
127 


insulating Materials. Mycalex 
Corp. of America, 4 pp. Chart com- 
pares electrical, thermal, and physical 
properties of commonly used plastic 
and ceramic insulating materials with 
various formulations of ceramoplas- 
tics and glass-bonded mica. Also in- 
cluded is a list of temperature limits 
for 88 different materials and a table 
of thermal expansion coefficients for 
57 widely used insert metals and in- 
sulating materials. 

Borides, Carbides, Norton Co., Re- 
fractories Div., 16 pp, illus., No. 2152. 
Physical properties, uses and sizes 
for zirconium carbide, boron nitride, 
silicon carbide, and other borides and 
carbides. 1 
Carbon Graphite. Pure Carbon Co., 
Inc., 12 pp, illus., No. 55. Catalog on 
carbon graphite for mechanical appli- 
cations. 

Carbon and Graphite. Stackpole 
Carbon Co., 54 pp, illus., No. 40 C. 
Properties, and mechanical, chemical 
electrical and refractory applications 
of carbon and graphite products. 131 


Glass-Epoxy Molded Channels. 
Swedlow, Inc., 4 pp, illus., Sect. 8-D. 
Article discusses the use of high 
strength glass-reinforced epoxy chan- 
nels used to thermally insulate the 
cabin floor of the DC-8 airplane. 132 


Graphite Woven Fabrics. Union 
Carbide Corp., National Carbon Co. 
Div., 4 pp, No. 101. Advantages, 
characteristics, standard grades, prop- 
erties, and other information on 
graphite cloth and woven fabrics. 
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Finishes ¢ 
Cleaning & Finishing 


Colloidal Dispersions. Acheson In- 
dustries, Inc., Acheson Colloids Co. 
Div., 4 pp, illus., No. 1. Case histories 
on the use of colloidal and semi-col- 
lodial dispersions for lubricants. In- 
formation also on the use of TFE- 
resin dispersions. 134 
Coatings for Metal. Amchem Prod- 
ucts, Inc., 8 pp, No. 1413D. Method 
of application, purpose of coating and 
typical applications of a line of chem- 
ical conversion coatings for alumi- 
num, copper and copper alloys, iron 
and steel zirconium, and other metals. 


135 


Inspecting Galvanized Products. 
American Zinc Institute, 32 pp, illus., 


No. AZI-40, Manual describes signifi- 
cant factors governing - inspection, 
properties, specification, and purchas- 
ing of hot dip zinc coatings. Sub- 
jects covered include: thickness and 
uniformity, coating weight require- 
ments, adherence, embrittlement, 
warpage and distortion, metallurgical 
structure of coating, methods of test- 
ing, etc. Includes data on product 
design and a check list of defects, 
possible causes and recommended ac- 
tion. 136 


Urethane Coatings. BB Chemical 
Co., Bostik Dept., 4 pp, No. 1-60. Gen- 
eral information; physical, mechanical 
and chemical properties; advantages; 
and uses of a line of clear urethane 
coatings. 137 
Fusion Coatings, Michigan Chrome 
& Chemical Co., 6 pp, illus. Informa- 
tion on small particle size plastics 
powders for use in fluidized bed coat- 
ings. Information also on equipment 
for fluidized bed coating. 138 


Silicone-Base Coatings. Midland 
Industrial Finishes Co., 4 pp, illus. 
Heat, chemical and corrosion resist- 
ance, application data and uses of 
silicone-base coatings. 139 


Gold Electroplate Thickness. Sel- 
Rex Corp., 5 pp, illus. Latest tech- 
niques for controlling and measuring 
thickness and hardness of precious 
metal electroplates, with particular 
emphasis on gold. 140 


Selective Plating. Sifco Metachem- 
ical Inc., 4 pp, illus. Process of electro- 
plating selected areas without using 
immersion tanks. For quick precision 
plating of electronic components and 
build-up of parts to exact size without 
disassembly. 


Flame-Plated Coatings. Union Car- 
bide Corp., Linde Co. Div., 9 pp, No. 
F-9889-B, F-1435, F-14836. Composi- 
tions, physical and chemical proper- 
ties, and typical applications of tung- 
sten carbide and tungsten carbide- 
cobalt flame-plated coatings. 142 


Vinyl! Coatings. U. S. Stoneware Co., 
Plastics & Synthetics Div., No. 187F-1. 
Chemical and moisture resistance, ad- 
hesive properties and application data 
for a vinyl coating that is applied by 
hot spraying. 143 


Joining & Fastening 


Glass Sealing Alloys. Driver-Harris 
Co., 4 pp, illus. General description, 
composition, properties and _ typical 
uses of several glass-to-metal sealing 
alloys. 144 
Mechanical Fasteners. Grip Nut 
Co., 20 pp, illus., No. 161. General 
description, specifications, sizes, ad- 
vantages, characteristics, physical and 
mechanical requirements, typical ap- 
plications, and other information on 
lock nuts, clinch nuts, weld nuts, and 
special nuts. 145 
Silver Alloy Brazing. Handy & Har- 
man, 4 pp, illus. Examples of the use 
of silver alloy brazing to join various 
components and products involving 
similar and dissimilar metals. 146 
Fastener Corrosion Guide, H. M. 
Harper Co., 24 pp, illus., Vol. 24, No. 


1. An analysis of the seven basic 
types of corrosion and the specific 
types of fastener metals which offer 
best resistance. Metals covered in- 
clude brass, naval bronze, silicone 
bronze, nickel and high nickel alloys, 
stainless steels, aluminum, copper, 
and high temperature alloys. A cor- 
rosion chart lists 136 corrosive agents 
and shows how well each of the 
eight types of metals resist these 
agents. 147 


Electrical Tapes. Minnesota Min- 
ing & Mfg. Co., Electrical Products & 
Irvington Div., 36 pp, illus., No. E- 
PCAT (1192) HR. General informa- 
tion on electrical tapes, electrical 
characteristics, temperature limits, 
properties, typical applications, effect 
of backing on properties, and other 
information on self-adhesive electrical 


tapes. 151 


Fabricating Titanium. Republic 
Steel Corp., 24 pp, illus., No. 3. Data 
on the latest approved methods of 
fabricating and welding titanium and 
titanium alloys. Covers forming, cut- 
ting, blanking, tooling, lubricants; and 
fusion, resistance, flash butt, and 
pressure welding; and brazing. 152 


Screws. Russell, Burdsall & Ward 
Bolt & Nut Co., 8 pp, illus. Advan- 
tages and specifications of Spin-Lock 
screws available in hex, pan, truss 
or flat heads. 1is3 


Set Screws. Set Screw & Mfg. Co., 
28 pp, illus., No. 21. Information on 
self-tapping and stainless steel set 
screws. 154 


Fasteners. Simmons Fastener Corp., 
42 pp, illus., No. 1257. Sizes, installa- 
tion data, characteristics and uses of 
plastics and metal fasteners. 155 


New Brazing Alloy. Wall Colmonoy 
Corp., Stainless Processing Div., 1 p, 
No. 2:1:12. Advantages, character- 
istics, composition, metallurgical and 
engineering properties, and typical 
applications of a new brazing alloy. 

156 


Methods & Equipment 
e Testing 


Plastics Testing Machines. Tinius 
Olsen Testing Machine Co., 32 pp, 
illus., No. 59. Advantages, character- 
istics, specifications, uses, and other 
information on a line of machines 
designed to test plastics materials. 


158 


High Temperature Furnace. Pereny 

Equipment Co., Inc., 2 pp. Specifica- 

tions, advantages, and other informa- 

tion on a high temperature furnace 

for applications calling for long peri- 

ods of sustained high temperature. 
1 


59 


Abrasion Tester. United States Test- 
ing Co., Inc., Instrument & Appara- 
tus Div., 2 pp, illus. Specifications, 
operation details, advantages and 
characteristics, and typical applica- 
tions of an abrasion tester used to 
determine wear resistance of plastics, 
soft metals, leather, and protective 
coatings and finishes. 160 


Turn to page 51 for current books and reports —> 
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EXPANDED METAL BY WHEELING 
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NOW! BETTER THAN EVER 


_ 


There’s a new look about Wheeling’s Flattened 
Expanded Metal these days. It’s smoother, more uni 
form than ever. So it has great, new appeal to designers 
and manufacturers alike! 

Wheeling Expanded Metal, in both flattened and con 
ventional styles, offers you many other advantages, too 
For example, expanded metal is actually stronger than 
the metal from which it’s made, so you can cut product 


weight without sacrificing product strength. And 

expanded metal permits free passage of light, heat and 

sound, so you can use it where you can’t use other metals. 
Get the complete story on versatile, 

new Wheeling Expanded Metal from 

your Wheeling man. Or write directly 

to the Wheeling Corrugating Company, 

Wheeling, West Virginia. 


WHEELING CORRUGATING COMPANY - IT’S WHEELING STEEL! 
Warehouses: Boston, Buffalo, Chicago, Columbus, Detroit, Kansas City, Louisville, Martins Ferry, 
’ Minneapolis, New York, Philadelphia, Richmond, St. Louis. Sales Offices: Atlanta, Houston, New Orleans. 


For more information, turn to Reader Service card, circle No. 383 


SO *¢ MATERIALS IN DESIGN ENGINEERING 





Wheeling SofTite® Cop-R-Loy® Gal- 
vanized Sheets can withstand severe 
fabricating operations without flaking 
or peeling 


Wheeling Hot and Cold Rolled Sheets 
are widely known for their smooth, 
uniform finish. Hot and Cold Rolled 
Strip also available 


Wheeling Long Terne is available in 
widths to 48”. It is normally supplied 
with either commercial or special terne 
coatings. 


(cont'd from p 49) 


Books 


Introduction to Ceramics. W. D. Kingery. John Wiley & Sons, Inc., New 
York. 1960. Cloth, 6 by 9 in., 781 pp. Price $15 


Reviewed by L. H. Van Viack* 


This book is a most welcome addi- 
tion to the ceramic literature. Pro- 
fessor Kingery, using a solid-state 
chemistry and physics approach, has 
unified the sciences as they pertain 
to ceramic materials and has pre- 
pared the most thorough and au- 
thoritative compilation of knowledge 
in this field. 

The author is well qualified in the 
area of ceramics. His activities have 
included basic research, authorship 
of several dozen scientific papers, 
organization of technical symposia, 
and editorship of several books. He 
is, in fact, considered to be the 
country’s scientific leader in the 
field of ceramics. 

Introduction to Ceramics is or- 
ganized into five sections. The first 
two (which present introductory in- 
formation and descriptions of cera- 
mic processes) provide the stage for 
the last three sections, which con- 
tain the meat of the book. These 
sections are: Characteristics of 
Ceramic Solids, Development of 
Microstructure in Ceramics, and 
Properties of Ceramics. 


Atomic relationships 

Ceramic solids are discussed from 
the standpoint of their atomic rela- 
tionships. This is a very logical ap- 
proach because many of the proper- 
ties of ceramic materials depend 
upon the interaction of neighboring 
atoms. Dr. Kingery presents sepa- 
rate discussions of crystal structure, 
noncrystallinity, structural imperfec- 
tions, surfaces and interfaces, and 
diffusion. However, the discussions 
are correlated to maintain the unity 
of principles. 
Microstructures 

Next, ceramic microstructures are 
introduced through phase _ equilib- 
rium diagrams; following this are 
discussions of solid-state reactions, 
nonequilibrium phases, and the ef- 
fects of thermal treatment (such as 
sintering and vitrification). Specific 
attention is given to the micro- 
structure of such materials as re- 
fractories, structural products, 
glasses, electrical ceramics, and 
other related groups. 


*Professor of Materials Engineering, Dept., 
of Chemical and Metallurgical Engineering, 
University of Michigan, 


Properties 

The final two-fifths of the book 
is concerned with the properties of 
ceramics. This part of the publica- 
tion (to which the author’s personal 
contribution is the greatest) will 
prove to be the most lasting contri- 
bution of the book. Heretofore, the 
bases for analyzing properties have 
been dispersed among a variety of 
publications. Now the physical- 
chemical principles which govern 
the various properties have been 
summarized in one source. Specific 
attention is given to thermal, optical, 
deformation, strength, conductivity, 
and dielectric and magnetic proper- 
ties. 

Two additional statements should 
be made for the potential reader. 
First, the book is primarily a science 
book; as such, major attention is 
given to the analysis of materials 
and their properties. And although 
the book gives excellent coverage to 
applications, no attention is given 
to the utilization synthesis for de- 
sign considerations. This may be dis- 
appointing to some design engineers; 
however, no argument may be raised 
with the author’s area of focus, 
since he covers this admirably. 

The second point for the potential 
reader to understand concerns the 
book’s title. The book is an “intro- 
duction to ceramics” only if the 
reader has a solid background in 
physics and chemistry. A _ casual 
reader will find the subject matter 
somewhat advanced, particularly if 
he has been out of school more than 
a few years and has missed the 
present trend in emphasis toward 
the physical chemistry of materials. 
Possibly a different title would have 
been less misleading. 

Professor Kingery’s book is highly 
recommended to the materials engi- 
neer as a thorough study of the 
science of ceramic materials. 


Metals Handbook, 8th Edition, 
Vol I: Properties and Selection 
of Metals. Edited by Taylor Lyman. 
American Society for Metals, Novel- 
ty, Ohio. Cloth, 8% by 10% in, 
1300 pp. Price $30 

Those who are familiar with the 
Metals Handbook—and every metal- 
lurgist and design engineer con- 
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SICON* 
PROTECTS 


even In 


OVENS 


Young Brothers Co., Cleveland, a leading 
manufacturer of industrial ovens for the 
metal decorating field, uses SICON finish 
to protect oven wickets. Printed metal 
sheets are oven-dried before being 
formed into signs, cans, etc. As they pass 
through the 100 ft. oven the Sicon-coated 
wickets hold them in position as shown 
SICON has proved most satisfactory be- 
cause it keeps wickets clean, rust-free, 
and unaffected by temperatures in the 
400° - 600°F. range. Why not try SICON 
on your product! Write Dept. F-1. 


Sicon’ 


Hi-Temperature Finish 


>y¥MIDLAND 


For more information, circle No. 377 
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cerned with metals should own one— 
will welcome the 8th edition of this 
well-known reference work. The revi- 
sion is especially welcome at this 
time because it covers practically 
every advance made in the metals 
field since 1948 (when the previous 
edition was published). 


Emphasizes selection 

Particularly welcome is the new 
accent on the practical use of infor- 
mation. Reflecting the fact that this 
is a specialized book devoted almost 
exclusively to the selection and 
properties of metals, almost the en- 
tire first half of the 1948 edition 
has been so radically revised as to 
be unrecognizable. Separate sections 
on heat treating, testing, joining, 
methods of manufacture, etc., have 
been eliminated. Where applicable, 
of course, such information has 
been integrated into unified texts 
dealing with specific families of 
alloys. 


Three selection criteria 


The approach adopted is one that 
fits well with today’s concept of the 
materials engineer. The man who is 
familiar with only a small group of 
metals or fabricating processes is 
often at a disadvantage. The Hand- 
book faces the problem of metals se- 
lection squarely and has analyzed 
the problems in terms of three prin 
cipal criteria: specific engineering 
properties, fabricability or process- 
ing, and cost. Thus, the book avoids 
the conventional mixture of chem- 
ical composition tables, selected 
properties charts, and generalized 
text. Rather, it combines tables and 
charts into a series of articles on 
selection of metals for 1) specific 
properties (e.g., yield strength, fa- 
tigue resistance, notch toughness, 
etc.); 2) processing and economy 
(e.g., selecting steel for deep draw 
ing, selecting metals for economy in 
machining, etc.); and 3) various 
metal forms (e.g., selecting mate 
rials for bolts, chemical processing 
equipment, electrical contacts, etc.). 

In principle, the major differences 
between the 1948 and 1961 editions 
are the increased emphasis on easily 
.ccessible data and the closer rela- 
tion to engineering practice. Beyond 
this, the new edition provides 2! 
times as many pages on selection 
and properties of metals, and nearly 
six times as much numerical infor- 
mation in the form of charts, graphs, 
and tables. The new edition was 
compiled by 1300 contributors and 
contains 6700 illustrations, 1841 ta 


bles, 1500 examples, 2806 definitions, 


and data compilations on 456 alloys. 
No engineering library would be 
complete without it. 


ENGINEERING 


Reports 


Fracture testing FRACTURE TEST- 
ING OF HIGH-STRENGTH SHEET Ma- 
TERIALS UNDER CONDITIONS APPRO 
PRIATE FOR STRESS ANALYSIS. G. R. 
Irwin, U. S. Naval Research Labora- 
tory. July ’60, 48 pp. Available from 
Office of Technical Services, Dept. of 
Commerce, Washington 25, D. C. 
Price $1.35 (PB 161 474) 

Describes and justifies a method 
for testing the fracture toughness of 
thin sheet materials. 


Steel forgings High STRENGTH 
STEEL ForGinGs. H. J. Henning and 
F. W. Boulger. Defense Metals In- 
formation Center, Battelle Memorial 
Institute. Jan ’61. 62 pp. Available 
from Office of Technical Services, 
Dept. of Commerce, Washington 25, 
D. C. (PB 151102) 

Describes forging characteristics, 
design limitations, dimensional toler- 
ances, quality control problems, and 
mechanical properties of forgings 
made from martensitic steels heat 
treated to strengths ranging from 
240,000 to 300,000 psi. 


Protective coatings OXIDATION 
BEHAVIOR AND PROTECTIVE COATINGS 
FOR COLUMBIUM AND COLUMBIUM- 
Base ALLoys. W. D. Klopp, Defens« 
Metals Information Center, Battelle 
Memorial Institute. Jan '60, 97 pp. 
Available from Office of Technical 
Services, Dept. of Commerce, Wash- 
ington 25, D. C. Price $2.25 (PB 151 
080) 

Covers three main areas: 1) reac 
tion of columbium with oxygen, air 
or nitrogen; 2) oxidation behavior 
data for 20 binary and 7 ternary 
alloys; and 3) coating requirements, 
types of coatings available, and 
methods of application. 


Tensile and creep data SELECTED 
SHORT-TIME TENSILE AND CREEP 
DATA OBTAINED UNDER CONDITIONS 
or Rapiww Heatinc. D. P. Moon and 
W. F. Simmons, Defense Metals In 
formation Center, Battelle Memorial 
Institute. June ’60, 88 pp. Available 
from Office of Technical Services, 
Dept. of Commerce, Washington 25, 
D.C. Price $2.25 (PB 151 088) 

Short time elevated temperature 
strength data obtained under condi 
tions of rapid heating are given for 
28 sheet alloys, including three alu- 
minum alloys, six titanium alloys, 
two alloy steels, three tool steels, 
and eight superalloys. A _ bibliog 
raphy contains references to 121 ré 
ports and articles on test methods, 
equipment, and very-short-time data 
for these and other materials. 





PROPERTIES PROFILE 
ON 


THE RAW MATERIALS OF PROGRESS KEL F Dispersion coatings 
BRAND 


KEL-F Dispersions were developed to extend the 

protection of KEL-F Plastic to the surfaces of 

No part too large or complex parts that do not lend themselves to fabrication 
. : . . h from molded plastics because of size, design or 
or corrosion. protection wit construction. Consisting of fine particles of KEL-F 
. - “ a Plastic suspended in a volatile organic liquid, 
KEL-F Dispersion coating KEL-F Dispersions can be applied to many metal- 
BRAND lic and certain non-metallic surfaces by spray, 
spread or dip coating. Heat fuses the dispersion 

into a tough, permanent protective coating with 

high tensile and compressive strength, good elon- 

gation, and excellent abrasion and wear resistance. 





TYPES OF Type Type 
DISPERSIONS KF-625 KF-602 


Spread, 
flow, dip 
Pounds solids per gallon 3.6 3.4 
Approximate square 

foot coverage per gal- 295 330 
lon (per mil thickness) 
Viscosity, Zahn G-1 34 
Cup, 75°F. secs. 
Viscosity, Brookfield, 

75°F. cps. a 9-10,000 


Thinners Xylene 


Application Method Spray 


Amy! 
Acetate 











PROPERTIES 
Chemical resistance. KEL-F Dispersion coatings 
: ae ; resist attack by strong acids, alkalies, gases and 
The five-ton valve above is or intricate to fabricate from a oxidants and extremely high temperatures. This 
used to test a rocket engine fuel molded plastic can have the makes them outstanding corrosion protectors for 
line. Its flow valve meters a benefits of halofluorocarbon aerospace equipment. 
highly corrosive mix—liquid protection with KEL-F Dis- 
oxygen and kerosene fuels- persion. First you spread, spray Anti-stick characteristics. Glues, inks, paints, 
at temperatures below —300°F. or dip coat it. Then with heat greases, waxes, rubber or casting resins will not 
and pressures up to 5,000 Ibs. application KEL-F coating readily adhere to coatings of KEL-F Dispersions. 
psi. Yet valve leakage in this fuses into a tough, adherent, Coating surfaces of aerospace equipment with 
precision assembly is zero. And continuous coating with ex- KEL-F Dispersions reduces clean-out and shut- 
the designer credits corrosion- treme resistance to corrosive down time. 
blocking KEL-F Brand Dis- chemical attack at a wide tem- Temperature resistance. Temperature-resistant 
persion coating on valve seat perature range. (See ; profile, KEL-F Dispersion coatings have an operational 
rings and seals, at eight critical right). For further information 
- : - range of 710°F. (—320°F. to +390°F.). 
points (see diagram above). and design data, fill out coupon 
Parts and surfaces too large ard Dielectric strength. KEL-F Dispersion coatings 
have high dielectric strength at low to very high 
3M Chemica! Division, Dept. KAR-61 operational frequencies and temperatures. Non 
3M Company TELL ME MORE... wetting surfaces permit no moisture absorption, 
St. Paul 6. Minn about KEL-F Dispersion coating minimize flashover 


For full information on KEL-F Halofluorocarbon 
Dispersion coating systems, send for our brochure 
on the subject, or write, describing your area of 
interest to 3M, Chemical Division, Department 
KAR-61, St. Paul 6, Minnesota 


CHEMICAL DIVISION 
TMiienesora JUfinine ano ]YfanuracturinG company % 
V 


- ++ WHERE RESEARCH IS THE KEY TO TOMORROW * 
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For more information, turn to Reoder Service card, circle No. 433 
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This Sandusky Centrifugal Casting—one of 
four produced for Westinghouse Atomic 
Equipment Department—meets radio- 
graphic, intergranular corrosion, and all 
other rigorous chemical and physical tests. 


ONE 
SANDUSKY 


CASTING ...makes 4 giant 


Specified by Westinghouse for 4 canned 
motor pumps soon to be integral parts 
of reactor system in Yankee Atomic 
Electric Plant in Rowe, Massachusetts 


One king-size 17-ton Sandusky casting 
supplied the main motor bodies (stator 
shells) for the four pumps being built by 
Westinghouse, each to handle 23,600 g.p.m. 
of pressurized water through the reactor 
core. 

The 25-foot-long Sandusky casting was 
centrifugally spun of a modified CF-8 
(Type 304 L) stainless steel, then ma- 
chined by Sandusky to a 3” wall thickness, 
31%” on the O.D. This huge casting was 


sanpusky © 
FOUNDRY & MACHINE CO. 


SANDUSKY, OHIO Stainless, Carbon, Low-Alloy Steels —Full Range Copper-Base, Nickel-Base Alloys 


stator shells 


hydrostatically tested to 3800 psi before 
being sectioned into four 68” lengths. 

These stator shells represent another 
new and exacting application for Sandusky 
Centrifugal Castings—which may offer a 
practical and economical answer to your 
cylindrical requirements also. They are 
available in diameters from 7” to 54”—in 
lengths up to 33 feet—in heat- and cor- 
rosion-resistant stainless, carbon and low- 
alloy steels and a wide range of copper-base 
and nickel-base alloys. 

Let us show you how Sandusky Cen- 
trifugal Castings can help solve your 
cylindrical problems. Write to us at San- 
dusky, Ohio. 


CENTRIFUGAL CASTINGS 


For more information, turn to Reader Service card, circle No. 364 
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Among the important factors in Shell Chemical’s decision to make polystyrene were its extensive background in 


polymers and its raw material position. Iwo other Shell thermoplastics followed quickly 


polypropylene and polyethylene. 


BULLETIN: 





On May 3, 1960, a remarkable thermoplastics 
decision was made by Shell Chemical 


Read about this Shell decision. And how you can start benefit- 
ing today from a major new source of polystyrene, poly- 
propylene and polyethylene that resulted from it. 


+n may 3, 1960, Shell Chemical, 
O a company lony basic in styrene 
monomer and SBR rubber, decided to 
combine the two in full commercial 


production of Shell high impact poly- 
styrene. Why was this remarkable? 


A revealing fact on polystyrene 
rhe condition of the polystyrene 
market was not attractive. There was 
oversupply from some of America’s 
finest companies. The field was mature 
and Shell was starting late. 

One revealing fact offset this situa- 
tion. Shell, with its excellent back- 
ground in polymer chemistry—as exem- 
plified by Shell Isoprene Rubber, the 
industry's first commercially produced 
synthetic/natural rubber—could make 
positive contributions to the thermo- 
plastics field in the form of new prod- 
ucts. But Shell would be severely 
handicapped without a thorough un- 
derstanding of how the thermoplastics 


market works and what it wants. 


Result? Shell's decision to go full speed 
ahead with high quality general pur 
pose, medium and high impact Shell 
polystyrenes, plus a rapidly expanding 
technical sales force. 


80 million pounds 

of polypropylene 
Two other thermoplastic developments 
followed quickly. 

One, Shell’s announcement in Octo- 
ber, 1960, for an 80 million pounds a 
year polypropylene plant with cus 
tomer service and research facilities to 
be built near Woodbury, N. J. Two, an 
arrangement by which Shell will resell 
limited quantities of polypropylene 


until this plant comes on stream. 


Custom-made polyethylene 


And this, in turn, led to a third impor- 
tant thermoplastic. 

In order to round out a complete 
line of thermoplastics, Shell Chemical, 
in January, 1961, made arrangements 


to supply the industry with the high 


est quality custom-made polyethylenes. 


How to start benefiting 


Thus, within 8 months, Shell became 
an important factor in three plastics: 
Shell polystyrene, Shell polypropylene 
and Shell polyethylene. 

The next 8 months should be even 
more important. Shell will be going 
full speed ahead searching for new 
polymers you want. 

Now is the time to let Shell’s tech 
nical representative know your needs. 
Tell him about them on his next visit 
or write Shell Chemical directly at: 

2-76 Main St., Flushing 55, N.Y. 
FLushing 3-4200; 20575 Center Ridge 
Rd., Cleveland 16, O. EDison 3-1400; 
6054 West Touhy Ave., Chicago 48, 
Ill. SPring 4-6711; or 10642 Downey 
Ave., Downey, Calif. SPruce 3-0601. 


‘Shell 
Chemical 
Company 


Plastics and Resins Division 


For more information, turn to Reader Service card, circle No. 441 
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Monsanto introduces... 





LUSTRAN TYPICAL 
PERFORMANCE DATA 


PROPERTIES = = 








Tensile 
0638-58T 


Stress at Yield 8 , ‘ A a ; 4 
Stress at Failure : 3 Pe Y eae | 0638-587 
Elongation at Yield ’ ec) i # = i eer ee «(0638-58T 
Elongation at Failure 4 ee - : Poy 7? : = 0638-58T 
Modulus in Tension es. ; os  0638-58T 


Flexural 
D790-59T 


Maximum Stress at Yield ‘ : ) 
Maximum Deflection at Yield > eee 3 ‘ ; D790-59T 
Modulus in Flexure D790-59T 


Impact Strength 
Bar Mid. (.010” Noteh i lA? i ns Te , 
ft. Ibs./in r 3 / D256-56 
of notch - . , 

ft. Ibs. /in 

of notch 

ft. Ibs. /in 

of notch 


Izod 


z x 
Radius) 
D256-56 


D256-56 


ft. Ibs. /in D256-56 


of notch 
ft. Ibs. /in 
of notch 
ft. Ibs. /in 
of notch 


D256-56 


D256-56 


Hardness 





R-119 D785-51 


Thermal 


Deflection Te 
Unannealed x Bar 

Physical 
D792-50 


pecific Gravity (Naturals) 














*Data on Extruded Sheet **Monsanto Test +Data on Molded Samples XX” x 0.115" Bar-Sheet 
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a new family of plastic materials 
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breaks through the price-performance barrier 


LUSTRAN is a high strength plastic material 
supplied at low cost in performance-tailored 
formulations. It provides a balanced combina- 
tion of light weight, unusual toughness and 
durability, excellent thermal stability and 
colorability. 

With LUSTRAN, you will be able to design 
the right level of effective strength at the right 
cost into every product. See for yourself— 
compare the typical performance characteris- 
tics of the LUSTRAN formulations shown against 
the material requirements of those designs you 
now have on the boards. You can select a 
LUSTRAN formulation with four times the im- 
pact resistance of rubber modified styrene and 
ten times that of general purpose styrene. And, 
at zero degrees fahrenheit, a '%-inch thick 
24-inch square sheet withstands the shock of 
a 6 pound ball dropped 48 inches. LUSTRAN 


has superior rigidity, excellent surface and 


gloss appearance, abrasion and chemical re- 
sistance and is available in a vast color range. 

LUSTRAN—a unique molecular arrangement 
of styrene and other monomeric materials— 
has been successfully injection molded into 
parts weighing as much as 3!4 pounds and 
vacuum formed in deep drawn parts weighing 
up to 11 pounds. It promises new design possi- 
bilities for componentsand housings for business 
machines, automobiles, refrigerators, radios 
and other appliances, packages, luggage and 
toys. Wherever the performance-cost balance 
is critical, LUSTRAN can help you. For more 
data, write to Monsanto Chemical Company, 
Plastics Division, Department 822, Spring- 
field 2, Massachusetts. 


Reg 5. Pat: Off. 


Monsanto 


MONSANTO wnovator inPLASTICS 


For more information, turn to Reader Service card, circle No. 384 
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Coating on 


This door part made by Steel- 
craft Manufacturing Company, 
Cincinnati, Ohio, was previously 
formed from cold-rolled steel, 
then painted. It’s now fabricated, 
at significant savings, from 
Armco Zincerip Steel. 
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ZINCGRIP gives products durable protection 
at average cost of about 2'2¢ per square foot 


Can you match this with painting or plating? 


Unseen structural parts are often protected from corrosion by painting or plating 
cold-rolled or hot-rolled steel. Yet with Armco ZinccGrIP® Steel, you can give your 
products the durable protection of a full-weight two-side coating of zinc at an 
average cost of about 21 cents per square foot. Important cost savings are realized 
daily by manufacturers who take advantage of this economical protection. 

Severe fabrication is no obstacle. You can work mill-coated ZincGrRiP to the 
limit of its ductile steel base. The tight zinc coating will not flake or peel. 

If you paint or plate for protection from corrosion, it will pay you to investigate 
Armco ZinccriP Steel. Let us help you compare your costs for a painted or plated 
steel part with costs for the same part made from durable Zinccrip. Just fill in 


and mail the coupon. 


Armco Division ¢« Armco Steel Corporation 
1171 Curtis Street, Middietown, Ohio 
So that | can check savings with Armco ZINCGRIP— 

Send me your Application Data Bulletin 

Have an Armco Representative cal! 


Name = — “4 

Firm 

Street 
Use this label 
to identify your 
products made of 


strong, durable 
steel. 


Check these cost comparisons 


Cost of* Typical** Savings with 
ZINCGRIP Coating Cost of Painting ZINCGRIP 
Steel Thickness | c/sq. ft. of sheet | c/sq. ft. of sheet c/sq. ft. 


.025 1.83c 3.25¢ 1.42c 
.050 2.72 3.25 53 
.075 2.51 3.25 74 





Average . . . 2.35¢ 3.25c -90c 


*Coated both sides **Painted both sides 


Computations based on coils 24” to 36” wide. Zinccrip coating costs are additional cests beyond 
price of cold-rolled steel. Due to variations between thicknesses, cost of zinc coating in table varies 
somewhat even though it’s the same full-weight coating. Paint costs are figured on typical dip- 
painting or flow-coating methods and include cost of metal preparation, paint, labor and overhead 
of painting operations. Some paint costs are lower than these; many are more. 


€ ? ite 
ARMCO Armco Division 


For more information, turn to Reader Service card, circle No. 348 
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Bethlehem makes “specials” to your specification. 


And we often cut costs by redesigning to improve the product. 


Every one of these specialty products was made for a specific application from drawings o1 
specifications supplied by our customer. Translating your design into a finished part is seldom 
easy. But if the job can be done . . . Bethlehem fastener engineers can do it. 


Let us know what you need. Our fastener engineers will study your requirements and give 
for Strengt 
Economy 


Versatility 


you an honest answer on what we can do. For more information call the nearest Bethlehem sales 


office. Or write to us at Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. Export Sales: Bethiehem Steel Export Corporation Be 
ETHUEHEN 


BETHLEHEM STEEL (gi 


A For more information, turn to Reader Service card, circle No. 386 For more information, circle No. 416 > 
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New lockset 


designed with 


ZYTEL’ NYLON 


RESIN 


offers easy 


one of Du Pont'’s versatile 
engineering materials 





installation..lifetime service...economical production 


This lockset looks better, lasts longer 
than the metal one it replaces—and it 
took a material with remarkable prop- 
erties to make it. It took a material 
that is exceptionally tough and abra- 
sion-resistant, a material with friction 
so low as to make lubrication unneces- 
sary, a material that is rust- and cor- 
rosion-proof, a material that can be 
economically molded to close tolerances 
in large quantities, and one that re- 
quires little or no finishing. 

In short, it took Du Pont ZyTEL 
nylon resin. 

In this radical design innovation, al- 
most all working parts except the knobs 
are molded of tough Du Pont ZyYTEL. 
Installation of the lockset is made fool- 
proof; round and square sleeves mate 
with round and square posts. The entire 
set is held by two double lead bolts 
that drive directly into holes in the 


chassis sleeves. And a self-aligning latch 
case lets the installer swivel the latch 
to the right or left of the central lock 
assembly for bevel-edged doors or for 
improper boring. In action, the bolts 
of ZYTEL were tested up to 1,500,000 
cycles—equivalent to more than 100 
years of normal household use—with- 
out perceptible wear. And the lockset 
functions smoothly and quietly with- 
out lubrication. Molded by Nylon 
Products Corp., affiliated with F. J. Kirk 
Molding Co., Clinton, Mass., for Lock- 
wood Hardware Manufacturing Co., of 
Fitchburg, Mass., the parts are eco- 
nomically mass-produced, need virtu- 
ally no finishing operations. 

On the following page, you will find 
further illustrations of the design im- 
provements and cost reductions made 
possible by the complete line of ZYTEL 
nylon resins. 





yA ytel one of Du Pont's versatile 


engineering materials 


Heavy loads are supported by small 
carpet protectors made of ZYTEL. Sup- 
port is distributed by the many tiny 
nylon “icicles” that reach the floor 
between the tufts of rug—instead of 
crushing the rug under the object’s 
weight. Factors in the choice of ZYTEL 
were strength and resistance to creep or 
cold flow. (By United States Caster 
Cup Corporation, Kansas City, Mo.) 


When installed in a teletypewriter, 
these wheels will be subjected to steady 
abrasion on the typewriter ribbon. 
The wheels are molded of ZYTEL, be- 
cause of its impact and abrasion re- 
sistance, as well as its moldability 
and the exacting tolerances which can 
be held. (Molded by General Die Mold, 
Chicago, Illinois, for Kleinschmidt Di- 
vision of Smith-Corona Marchant, Inc., 
Deerfield, Illinois.) 


Parts of ZYTEL® NYLON 


RESIN 


resist abrasion, stand up 
to impact, mold easily 


Coils encapsulated in ZYTEL offer high dieletric 
strength with relatively thin coatings. Coils are pro- 
tected against humidity, acids, alkalies, and oils. The 
coatings can also be used as bearing surfaces, as in 
solenoids and contactors, thanks to the abrasion re- 


A large part of the ZYTEL success story is attributable to its 
versatility of application. In complete operating units or in 
working parts, its remarkable array of properties—mechanical, 
chemical, electrical and processing — makes it a natural problem 
solver in design. Your own design may well benefit from the 
contribution of a particular composition of ZYTEL. To learn 
more about the performance of the different compositions of 
Du Pont ZYTEL, just complete and mail the coupon below. 


E. I. du Pont de Nemours & Co. (Inc.), Dept. 2 

Room 2507Z, Nemours Building, Wilmington 98, Delaware 
Please send me more information on Du Pont ZyTE.. I 

interested in evaluating this material for: 





Position__ 





Company 





Street Address____ 





City. — SSS lO — 


Type of Business__ 





n Canada: Du Pont of Canada Limited, P.O. Box 660, Montreal, Quebec 


sistance and low friction of ZYTEL nylon resin. The 
mounting feet shown are molded as an integral part 
of the encapsulation. (Processed by Anderson Con- 
trols, Franklin Park, Illinois.) 


POLYCHEMICALS DEPARTMENT 


E66. Pat. OFF 


y i oe 


Alathon Delrin Lucite 





Designing For Cost Conscious People? 
Then Read... 


Lockheed F-104A Starfighter with 
aluminum surfaces protected by Iridite 14-2. 


How QLUP TRAD Helps Lockheed 


Cut Aluminum Finishing Costs 


Nine years ago, Lockheed switched from 
anodizing to Iridite chromate conversion 
coatings. That year, they saved over $40,000 
in materials and manpower. 

Today, Lockheed is still saving money with 
Iridite 14-2. Here’s how: 

Process time is reduced from 45 minutes to a 
maximum of only 5 minutes. Three times as 


much work is processed in a single run. 
Easy-to-load baskets, replacing costly anodiz- 
ing racks, save $15,000 per year. Expensive 
electrical equipment is eliminated bécause 
Iridite is a simple chemical dip. 

Moreover, Iridite 14-2 gives improved corro- 
sion resistance, easily meeting MIL—C-5541, 
and provides excellent paint adhesion. 


More than likely, Iridite can save you money and give you better finishing 


results than your present method. 


Discuss it with your Allied Field 


Representative. Or, write for literature. 


Allied Research Pr oducts, TNC. 4004-06 €aSt MONUMENT STREET © BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE ¢@ DETROIT 3, MICHIGAN 
West Coost Licensee for Process Chemicals: |. H. Butcher Co. @ European Agent: Sture Granberger, Storgaton 10, Stockholm, Sweden 


qir* 
Coatings 


TTT hie © 
Chromates 


Chemicol ond Electro 
chemical Processes, Anodes, 
Rectifiers, Equipment ond Supplies for Metal Finishing 


€ For more information, circle No. 416 


Equipment 


Tri?! GLITm® 


Brighteners Supplies 


A For more information, turn to Reader Service card, circle No. 431 
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Mallieable Puts More Muscle in Machinery 


In the agricultural equipment field, reputations depend on building 
products that can take rough treatment... and give real value. To do 
it, agricultural equipment manufacturers rely heavily on Malleable 


iron castings. 

Malleable’s excellent ductility and shock resistance mean longer life 
and fewer problems than obtainable with fabrications. Low start-up 
cost for small quantities also is vitally important in this competitive 
industry. 

Put more reputation-building quality into your products at less cost 
with Malleable. For design assistance or quotations, call any company 
that displays this symbol 


PROBLEM-SOLVING IDEAS 
are yours free in Data 
Unit No.115. For your 
copy, ask any member 
of the Malleable Cast- 
ings Council, or write 
to Malleable Castings 
Council, Union Com- 
merce Building, Cleve- 
land 14, Ohio. 


MALLEABLE 


The versatility9 
ferritic and pea 
able front axle ba 
hinges, foot pedals, 








No machining or hardening 

is required on this Malle- 

able chain sprocket. It re- 

places a part cut from steel For 

plate to which a hub was Quality 
welded. Cost was reduced Field failures stopped as soon as the manu- and 

12%. Tests verified the ex- facturer of this plow quadrant began using 

cellent performance of the a Malleable casting in place of a welded Economy 
malleable part, and led to fabrication. This part looks better, works Use 

a review of the company’s _ better, and quality is uniform in every piece. 

entire manufacture of chain Yet the Malleable quadrant costs 22% less 

sprockets. than the fabrication. 


For Sérvice Contact... 


CONNECTICUT 

Connecticut Mall. Castings Co., New Haven 6 
Eastern Malleable Iron Co., Naugatuck 
DELAWARE 

Eastern Malleable fron Co., Wilmington 99 


ILLINOIS 
Central Fdry. Div., Gen. Motors, Danville 
Chicago Malleable Castings Co., Chicago 43 
Moline Iron Works, Moline 
Moline Malleable tron Co., St. Charles 
National Mall. and Steel Castings Co., Cicero 50 
Peoria Malleable Castings Co., ria 1 
Wagner Castings Company, Decatur 
INDIANA 
Albion Malleable Iron Company, 
ape Division, Muncle 
Link-Belt Company, Indianapolis 6 
National Mail. & Steel Castings Co., Indianapolis 22 
1OWA 
lowa Malleable tron Co., Fairfield 


MASSACHUSETTS 
Belcher Malleable Iron Co., Easton 


MICHIGAN 
Albion Malleable tron Co., Albion 
tenor ae 
° ° iac eabdie iron UO., ilac 
The strength of Malleable is illustrated by Costs dropped 59% when Central Fdry. Div., Gen. Motors, Saginaw 
farm tractor rear axle housings. They must this disc harrow ram an- MINEROTA 
absorb the constant shock and strain exerted chor was converted from pees tron Co., St. Pant 6 
as heavy implements are dragged over rough a weldment to a Malle- Mississippi Malleable tron Co., Meridian 
fields. Toughness, ease of machining and econ-_ able casting. Malleable’s NEW HAMPSHIRE 
omy make Malleable first choice for this shock resistance com- peep tron Co., Laconia 
demanding application. bined with a better design Acme Stee & Mall tron Works, Buffalo 7 
T > : © razer ones mpany Division 
resulted in a part able Pe stern Malleabe Iron Co., Solvay 
, ste . ste riskany Malieabie tron CUo., inc. riskany 
to be ithstand constant Westmoreland Mali. tron Co., Westmoreland 
punishment. OHIO 
American Malleable Castings Co., Marion 
Central Fdry. Div., Gen. Motors, Defiance 
Dayton Mall. Iron ‘Co., lronton Div., Ironton 
Dayton Mall. iron Co., Ohio Mall. Div., Columbus 16 
National Mail. and Steel Castings Co., ‘Cleveland 6 
PENNSYLVANIA 
Buck Iron Company, Inc., Philadelphia 22 
Erie Malleable iron Co., Erie 
Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 
Meadville Malleable Iron Co., Meadville 
Pennsylvania Malleable iron Corp,, Lancastes 
TEXAS 
Texas Foundries, tnc., Lufkin 
WEST VIRGINIA 2 
West Virginia Mall. tron Co., Point Pleasant 
WISCONS{N 
Belle City Malleable fron Co., Racine 
Chain Belt Company, Milwaukee 1 
Federal bee sy mpany, inc., West Allis 14 
Kirsh county Se ier Dam 
Lakeside Malleable Castings Co. 
Milwaukee Malleable & Grey Iron works Milwaukee 46 


These companies are members 
of the Malleable Castings Council 
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MEL-TROL®..the important extra you get in [arpenter Induction Vacuum Melted Alloys! 





New, more refined melting processes such as Carpenters VACUMELTROL® (in- 
duction vacuum) or CONSUMET™ (consumable electrode) answers industry's need 
for better, more dependable steels for critical applications. But in induction vacuum 
alloys, Carpenter goes a step further. It's called MEL-TROL and it starts with an 
entirely new, patented mold that builds essential core-to-surface uniformity right 
into the ingot. Harmful impurities in the molten steel float to the top while the ingot 
solidifies . . . then are discarded. The result is more complete freedom from 
segregation and centerline weakness, and the most uniform, dependable alloys you can buy. 


Benefits to you: Improved alloy quality such as cleanness and soundness result in better forgeability, 
improved machinability and cold forming properties. You get more accurate forgings with better 
finishes . . . fewer rejects . . . faster production . . . and, most important, true predictable perform- 
ance in critical alloy components. A wide range of these more uniform, more workable alloys is now 
available for high temperature and other critical applications. Call your nearby Carpenter represent- 
ative for the whole story about MEL-TROL and what predictable performing steels can do for you. 





[arpenter ste -l 


you can do it consistently better with Carpenter Specialty Steels for specialists 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 


Alloy Tube Division, Union, N. J. 
Webb Wire Division, New Brunswick, N. ] 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 


For more information, turn to Reader Service card, circle No. 350 


66 *¢ MATERIALS IN DESIGN ENGINEERING 





r 


TUM LUAU 


PRECIOUS METAL CONTACTS 
FOR HIGH-RELIABILITY Ss 


Precious metal contacts in pure or alloyed forms of sil- 
ver, platinum, palladium and gold provide unmatched 
resistance to atmospheric corrosion, deformation, arc 
erosion, binding and metal transfer. Baker high-relia- 
bility precious metal contacts are supplied as wire, rod, 
sheet and in a complete line of fabricated forms. Facil- 
ities are also available for manufacture to your speci- 
fications. 


BAKER CONTACT DIVISION 
207 GRANT AVE. * NEWARK, HARRISON P.O., N. J. 


LEADERSHIP IN DESIGN AND 
MANUFACTURE OF SLIP RING ASSEMBLIES 


Complete facilities, metallurgical and engineering serv- 
ices are available for design and manufacture of slip 
ring assemblies to critical specifications, ranging in 
diameter from 1” to 48” and larget—for General Pur- 
pose, Radio Frequency and Video Ring Circuits, High 
Speed Instrumentation, High Voltage Ring Circuits and 
Power Pulse Slip Rings. A slip ring data file is available 
write for your copy. 


D.E. MAKEPEACE DIVISION 
PINE & DUNHAM STREET * ATTLEBORO, MASS. 


= 
LOOK TO AMERSIL FOR ALL HIGH PURITY 
FUSED QUARTZ REQUIREMENTS 


Amersil manufactures and fabricates high purity fused 
quartz for ultraviolet transmission application, labora- 
tory ware and production equipment. These products 
include standard apparatus, plain tubing in many in- 
tricate fabrications, crucibles, trays, cylindrical contain- 
ers and piping in a full range of sizes up to 25” in 
diameter. Ingots and plates are available in general 
commercial quality as well as in special optical grades. 
Amersil engineers are also prepared to assist in devel- 
oping fused quartz and silica equipment for special 
requirements. 


AMERSIL QUARTZ DIVISION 
685 RAMSEY AVENUE * HILLSIDE, N. J. 


ENGEL FZ Ff? Dp 


SALES OFFICES: CHICAGO + DALLAS + DETROIT + 
HOUSTON + LOS ANGELES - NEW YORK + ORLANDO + 
PROVIDENCE + SAN FRANCISCO + WASHINGTON, D. C. 


Please send literature as indicated below, 
addressed to my attention: 


Precious Metal Contacts [_] Fused Quartz 


[] Slip Ring Assemblies 


NAME 
TITLE 
FIRM 
STREET 


CITY ZONE STATE 


For more Information, turn to Reader Service card, circle No. 370 
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Cs+_X VV COLUMBIUM-TREATED CARBON STEEL 


CUTS DEAD WEIGHT 10% IN NEW 


VERSATILITY 
That's the Beauty of 


MATERIALS 


IN 


Bringing important new economies to rail shipment of automobiles, this new tri-level auto 
carrier holds twelve standard cars or mixed loads of 14 standards and compacts. Capacity is 
increased up to 75%. A unique system of hydraulically positioning the vehicles on three levels 
gives a clearance of only 16 feet 8 inches, permits use in areas formerly limited to bi-level unit 
operation because of clearance requirements. @ Key feature of the Multi-Car Carrier is the 
movable decks on which the cars ride. Made of GLX-W columbium-treated steel, the decks are 
raised and lowered by built-in hydraulic lifts, actuated by a portable power unit. Here light 
weight was essential, in order to reduce the operating power requirements. Yet great strength 
was necessary, too, to support the payload. Finally, design of the decks called for eight bends 
in each section. So formability was also a must. « GLX-W met and exceeded all these require- 
ments. It gives 50-100% greater strength than mild carbon steel, so builder Whitehead and 
Kales could get the required strength with less weight. Deck operating units need less power, 


Great Lakes Steel is a Division of 


DESIGN ENGINEERING 








Multi-Car Carrier built by Whitehead and Kales for Multi-Car Corporation, Detroit, Michigan 


TRI-LEVEL AUTO CARRIER 


and total weight is reduced approximately 5,000 pounds or 10%. Production 

is more economical, too, because the ductility and formability of GLX-W 

permits four of the bends in the deck to be performed in one press operation. @ 

The GLX-W series of high-strength steels consists of fine-grained, semi-killed 

mild carbon steels, treated with varying amounts of columbium. The high 

strength of GLX-W permits designers to reduce the amount of steel and effect ra Sian 
considerable cost savings when replacing mild carbon steel. GLX-W steels have ‘i "<4 PENDING 
a low carbon content and are readily weldable and formable. GLX-W steels 

are available at four minimum yield strength levels: 45,000, 50,000, 55,000 and A PRODUCT OF 

60,000 p.s.i. and in sheets, plates and bars. For complete technica! information, G REAT LA KES S TEE L 
write Great Lakes Steel Corporation, Product Development, Dept. MDE-9, 

P. O. Box 7310, Detroit 2, Michigan. Detroit 2, Michigan 


NATIONAL STEEL CORPORATION 


For more information, turn to Reader Service card, circle No. 413 








SPECIFIC GRAVITY 17.0 g/cc—50% heavier than lead 


COMPRESSION 

4" diam. x a" long 
load 500,000 psi 
change in length 52% 


TRANSVERSE BEND 
Ye" x %" x 1%" span 
load 280,000 psi 
deflection .232” 


TENSILE 

Ys" diam. x 2" gage length 
ultimate tensile 135,000 psi 
yield 90,000 psi 

elongation 15% 


DUCTILE 

-118" bar before rolling 
-102” bar after rolling 

.016” reduction in thickness 


(no cracking) 


13.6% reduction in thickness 





THESE TYPICAL PARTS INDICATE THE EXCELLENT MACHINABILITY OF KENNERTIUM 





KENNERTIUM* has exceptional properties 
that solve many materials problems 


rings up to 15 inches in outside diameter, can be 
processed. 
For more information, write for ‘“Kennertium 


Kennertium, a new heavy tungsten alloy, offers a 
number of outstanding properties not available in 
other high-density alloys on the market today. 

These superior features include high tensile 
strength; elongation up to 15% or higher; unusual 
compression qualities; Young’s Modulus of Elas- 
ticity of 43,000,000 psi; plus good machinability 
and other properties to help designers meet many 
exacting materials requirements. 

Kennertium is available in virtually any con- 
figuration—and in solid sections up to 10 inches in 
diameter and 20 inches long for machining to 
required parts. Cylinders several feet long, or thin 


Properties” booklet. And if you have a specific 
requirement, send dimensional sketch and condi- 
tions involved. Our engineers will gladly make 
recommendations, without any obligation to you. 
KENNAMETAL INc., Dept MDE, Latrobe, Pa. 


*Trademark 


f> KENNAMETAL 


For more information, turn to Reader Service card, circle No. 394 
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A new concept in air distribution— 
pioneered by Carnes Corporation of 
Verona, Wisc.— made a reality by 
LEXAN polycarbonate resin! 


In Carnes’ design, 6-by-6-inch air dif- 
fusers, like those above, form modular 
units which can be arranged in any 
desired ceiling pattern. Three differ- 
ent module designs provide complete 
flexibility in directing air. 

“LEXAN resin is the only material 
we have approved for our diffusers,” 
says Gordon Sylvester, Chief Product 
Engineer of Carnes. “We tried poly- 
styrenes, polyethylene, nylon and 
others, but they all fell short in one 
way or another.” 

The material for Carnes’ diffusers 





LEXAN® RESIN 

MAKES NEW 

AIR DIFFUSER 
DESIGN 


POSSIBLE 





had to meet this combination of re- 
quirements: @ INJECTION MOLDING for 
low production cost. LEXAN resin, as 
a thermoplastic, gave this advantage. 
@ NO HEAT DISTORTION in 225°F-. test 
for handling warm air. In month-long 
tests of parts, LEXAN resin met this 
spec. Actually, the resin’s rated dis- 
tortion point is 270-280° F. under load. 
@ DIMENSIONAL STABILITY in use. 
LEXAN resin was stable. © FLAME 
RETARDANCE to pass ASTM test. LEXAN 
resin passed. © COLOR STABILITY and 
versatility. Although the modules are 
now a stable white, LEXAN resin offers 
the possibility of a wide range of 
colors. @© HIGH IMPACT RESISTANCE. 
Frank Freese, Product and Merchan- 
dising Manager for Carnes, really 
sells LEXAN resin’s enormous impact 


Diffusers molded by 
Flambeau Plastics Corp, 
Baraboo, Wisconsin 








strength. He says “In demonstrating 
the strength of the modules, we slam 
them against the wall. It doesn’t dam- 
age them at all. Metal diffusers would 
be bent by this treatment.” 

LEXAN resin has raised the quality 
of many designs to new levels. It’s 
been substantially reduced in price as 
new G-E plant facilities have come 
ynstream. Can this tough new thermo- 
plastic help you? Send for design 
literature. Address General Electric 
Company, Chemical Materials Dept., 
Section M-61, Pittsfield, Mass. 


LEXAN’ 


Polycarbonate Resin 


GENERAL @@ ELECTRIC 


For more information, turn to Reader Service card, circle No. 393 








NATIONAL CARBON COMPANY @iit) 


registered trade-marks for products of Division of Union Carbide Corporation - 270 Park Avenue, New York 17, New York Bi gys¥edsiials 
IN CANADA: Union Carbide Canada Limited, Toronto 


“National” and ‘‘Union Carbide” are 


For more information, turn to Reader Service card, circle No. 399 
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Aircraft valve bodies of 356-T7 aluminum alloy. Wax pattern a 
MONO-SHELL ceramic-dip slurry after firing, and finished 


Misco’s capability has met the demand of government agencies 
and industries for high integrity, high quality 

ALUMINUM components of maximum physical properties. 
Significant results have been attained by adapting Misco's 
MONO-SHELL investment casiing process for the production 
of aluminum components for specific applications. 


WE WELCOME INQUIRIES ABOUT THIS NEW PROCESS. 


DIVISION OF HOWE SOUND COMPANY 


Address inquires to 
124 Gibbs Street, Whitehall, Michigan 
Telephone TWinoaks 3-1515 


For more informatien, turn to Reader Service card, circle No. 376 
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McDONNELL AIRCRAFT CORPORATION, Lambert 
Field, St. Lovis, Missouri, is prime contractor 
for the Mercury Capsule, under the direction 
of the National Aeronautics and Space 
Administration. Photo shows capsule similar 
to the FREEDOM Vil used in successful launch. 


WITH °* 


The time: May 5, 1961, 10:34 AM, EDT. The man: Commander Alan 
B. Shepard, Jr., USN, Astronaut. The event: launching of the Mercury 
Capsule with man on a down range step into space. The metal: titanium 
for a combination of strength and lightweight in the vehicle’s double 
wall stringer construction. 

A major supplier of commercially pure AMS4901 titanium in the Mercury 
Project, Republic Steel is the nation’s /argest producer of high-perform- 
ance metals. Republic is a new source of a complete line of precipitation 
hardenable stainless steels . . . the only source of continuous rolled stainless 
sheet up to 60” wide . . . the largest producer of stainless and alloy steels, 
and steels for cold extrusion. 

To meet the challenge of space, Republic Steel is looking deep into the 
microstructure of steel... pulling facts from the heart of steel. . . aim- 
ing at fantastic new steels with tensile strengths even beyond 400,000 psi. 


Republic’s 3-Dimensional metallurgical teams—composed of mill, field, 
and laboratory metallurgists—help you select, apply, and process the most 
economical metals capable of meeting requirements. This is a confidential, 
obligation-free service. For additional information, contact your Republic 
representative or mail the coupon on the opposite page. 


DESIGN ENGINEERS: Mail the coupon for a copy of 
Republic's new booklet, Products For The Design Engineer. 
Contains a useful Stainless Steel Selector Chart, and 
information on Republic High Strength Steels, Titanium, 
Electrical Steels, Vacuum Arc Melted Steels, and other high 
performance metals. 
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VACUUM ARC MELTED METALS... 

Processed into billets, bars, plates and sheets, 
strip, or wire, Republic Vacuum Arc Melted 
Metals are produced in 4,000- to 20,000- 
pound ingots. The consumable electrode 
vacuum-melting process improves tensile 
strength, ductility, fatigue life, and perform- 
ance at high and low temperatures. Precise 
control reduces nonmetallic inclusions and harm- 
ful gases. Republic helps you select the vacuum- 
melted metal best suited to requirements: 
constructional alloy steel, high strength alloy 
steel, bearing steel, stainless steel, super alloy 
steel, titanium, or special carbon steel. 


ger 


mene 
REPUBLIC STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 


For more information, circle No. 338 


REPUBLIC PH STAINLESS STEELS... 
Republic PH 15-7 MO* for missiles and aircraft 
offers high ultimate tensile strength with ex- 
cellent mechanical properties to 1000°F. 
Republic 17-4 PH* for shafts, gears, pins, and 
other components requires only a one-hour heat 
treatment at 900°F to develop its full strength 
(ultimate tensile strength to 200,000 psi). 
Republic 17-7 PH* for pressure tanks, bellows, 
springs, and other applications provides better 
corrosion resistance than the hardenable grades 
of chromium stainless. Send for PH Stainless 
Steel Booklet. 


“Licensed under Pat. Nos. 2482096, 2505763 and Trade Mark of 


ensor 


REPUBLIC STEEL CORPORATION 

DEPT. ME -2207 

1441 REPUBLIC BUILDING - CLEVELAND 1, OHIO 
Please send PRODUCTS FOR THE DESIGN ENGINEER Bookle 
I would also like more information on: 

] Republic Titanium 

C) Vacuum Arc Melted Metals 

() Republic PH Stainless Steels 

os —— 

Company — 

Address 


Zone— 





a i N D E BULOVA WATCH PINIONS (sample 
shown magnified 100x) now have impor- 


tant surfaces polished to a high precision 


fo) finish with LINDE alumi brasives. Ac- 
99.9 o Pure uoal sian io ot sight — s : 


ALUMINA 
ABRASIVES : 


Permit Critical Finishing of ALL Modern Metals 
with ONE BASIC MATERIAL 








No longer need the minuteness of a metal part, or its shape, or its PHYSICAL PROPERTIES 
type of metal interfere with the quality of its finish. 
‘ ‘ ; , , . . Type A-S175 Type 8-5125 
-ne NDE abrasive powders—of 99.9°¢ > a—now 
All-new LINDE abrasive powders—of 6 pure alumina—nc Cintas tends ....,.didian lade 


permit precision finishing and polishing, as well as sharpening and Crystal System ..........Hexagonal Cubic 
: . nis ; — . ae _ Hardness, Mohs’ we 8 
honing of many metal parts—with one basic material. Particte Sine 
Depending upon usage, LINDE alumina powders can be used ae (microns). .0.3* <0.1 
. - pparent Densit 

dry, mixed with water or other vehicles to make a thin slurry or (g/C.c.) ..... . 0.2-0.5 

on . " . : open < —— x Melting Point Transforms to 
heavy paste, or compounded with waxes in convenient stick form. Aipha form at high 
They are uniform in size, thus eliminating levigation in finishing temperatures 
= . = = % *Type C-5250 also availabi microns (approximate) 
operations. And they are resistant to common acids. particle sles ao 50 a 


Only two grades of these low-cost, fast-cutting, high-purity white 
SUGGESTED USES 


powders are required: LINDE A (alpha alumina) for quicker cut- 


ting and an unsmeared finish; LINDE B (gamma alumina) for CHEMICAL: Catalyst Carrier » ELECTRONICS: Semi 
- iia . . anal ar conductor Polishing + JEWELRY: Gem Stone and 
somewhat slower cutting but an extremely fine finish. Crystal Polishing; Silver Polishing + LIGHTING: 


For details on alumina abrasives as applied to your production Phosphor Preparation + CERAMICS: Pure Oxide 
, x , Ceramics + METAL FABRICATION: Finishing of Metal 

> > - ¢ y J 
problems, write De pt. MI-6, Linde C ompany, Division of Union Parts; Knife Sharpening; Microtome Knife Sharpen 
Carbide Corporation, 270 Park Avenue, New York 17, New York. ing; Razor Blade Sharpening « METALLURGY: Metai- 


' . — ~ . lographic Polishing + OPTICAL: Glass Polishin 
In Canada: Linde Company, Division of Union Carbide Canada . 


Limited, Toronto 7. 





LINDE COMPANY ‘“— Feet 


DIVISION OF UNION CARBIDE CORPORATION 











LINDE and UNION CARBIDE are registered trade-marks of Union Carbide Corporation 
A For more information, turn to Reader Service card, circle No. 440 For more information, circle No. 323 > 


76 *¢ MATERIALS IN DESIGN ENGINEERING 





NICKELOIO IS EVERYWHERE 


AMERICAN NICKELOID COMPANY 


America’s Pioneer Manufacturer of Pre-Finished Metals — Since 1898 











THE MANTLE 





—— 


These eye-catching products use functionally a 
basic Nickeloid Metal. The finish of Chromium, 
Nickel, Brass or Copper is electroplated to a base 
metal, usually Steel (but often Zinc, Brass or 
Copper ) 


Mostly, Nickeloid Metals are supplied in continu- 
ous coils in widths up to 24” for modern, low 
cost fabrication. They're also available in sheets 
and strips. Optional: bright or satin finishes, 
plating one or both sides, a galaxy of stunning 


patterns and crimps. 


Quality plating produces metals so durable they 
can be fabricated, even quite severely drawn or 
bent Rejects minimized. For severe stamping, 
we offer Mar-Not protective coating that is easily 
peeled off after its job is done. 





» 


ON CARPETING 











i 


— 


Which is your preference in modern metals — the clean, flint- 
hard gleam of Chromium, the warmth of Copper, or the rich 
radiance of polished Brass? No need to answer now, but con- 
sider the galaxy of wonderful products you find everywhere 
today that employ one of the Nickeloid Metals. These durable, 
lustrous finishes are not mere lily-gilding. In most instances 
they are designed 1nTo the product . . . functionally. We make 
a raw material that has been given these quality finishes the 
automated way . . . in giant coils in block-long mills. Nickeloid 
finishes are electroplated to the base metal before fabrication, 
a process as fundamental we believe as the coating of print- 
ing papers in rolls before they are printed. Three out of five 
costly manufacturing steps are by-passed. Write for our free 
Introductory Kit, which includes metal samples — learn the 


- PERU 6, ILLINOIS 





MM on THE PATIO 





Security Engineering, a division of Dresser Industries, Inc., 
manufacturers of rock bits and tools for the oil and mining 


industries, depends upon “heat-beating” Cast HU alloy trays 
to combat years of punishment inside carburizing furnaces. 


Cast HU high-nickel alloy carburizing trays... 
Still on the job after 3 fiery years at I700°F. 


No “vacations” needed for these heat- 
treating trays used by The Security 
Engineering Division of Dresser Indus 
tries, Dallas, Texas. They're constantly 
fighting carburizing atmospheres that 
thin-sectioned trays of 
Not even the 


soon “retire” 


lower alloyed materials 
brutal punishment of repeated thermal 
shock during oil quenching stops these 
trays. They’re made from Type HU 
(39% Nickel 


cast high-nickel alloy. 


19% chromium) 


3 Years at 1700°F...24 hours a day, 
these trays take on incandescent tem 


peratures. Yet they don’t scale or flake 


thanks to Type HU alloy’s superior 
resistance to carburization (and free- 


dom from sigma phase embrittlement) 


Casting cuts initial cost too. Right 
from the start, cast HU alloy trays save 
you money. They’re easy to make—cast 
in the design that suits your needs. 

Surface film stability —resistance to 
oxidizing and reducing atmospheres—is 
an important Type HU 
alloy. So is high creep strength and 
useful ductility up to 2000°F. And Type 
HU alloy is one of a family of high 
nickel alloys especially effective in heat 


property of 


treating applications. They’ve got extra 
long lives in the 1200-2200°F range. 


If you have design problems involv 
ing high pressures, high temperatures, 
and corrosive conditions, find out more 
about Type HU and the other “heat- 
beating” alloys in the 72-page booklet, 
Heat Resistant Castings, Corrosion Re- 
sistant Castings ... Their Engineering 
Properties and Applications. It’s a 
reference book made for your files. 
Write for your free copy of A-266. 


ACT 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street INCO New York 5, N. Y. 
— > 


INCO NICKEL 


NICKEL MAKES CASTINGS PERFORM BETTER LONGER 


For more information, turn to Reader Service card, circle No. 396 
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PRODUCT-DESIGN BRIEFS 
FROM DUREZ 


MICRO-.PRECISION DIVISION, 
MICROMATIC HONE CORPORATION 


Outwears metal bearings 


Loads as high as 50,000 psi don’t 
bother this plastic bearing. 

In severe high-load, low-speed tests, 
it came through 60 million cycles with- 
out failure—while ordinary bearings 
gave up at 50,000 cycles. 

What helps make it so rugged? One 
fact is the material used on the outside 
to encase the bearing material. The 
bearing material may be considered an 
insert which is molded in place in one 
operation. The support material is 
Durez 16771, a glass-filled phenolic 
molding compound. 

Besides being strong and tough, 
Durez 16771 withstands oil, grease, 
and acid; can’t pit, rust, or corrode. 


What can you do with an idea-plastic 
like this? Automotive designers are put- 
ting it to work now in oil-pump gears, 
automatic transmission parts. Check 
into the places where a tough, high- 
impact plastic could do a better job 
than the material you’re using. Then 
ask your molder for more details on 
Durez 16771—or check the coupon for 
Bulletin D203, which describes the ma- 
terial and its capabilities. 


® Plastic bearing material 


® Making epoxies retard fire 


The hardener does it 


Could you be looking for an epoxy that 
retards fire? 





Here are two epoxy laminates we 
made up in the laboratory. Both were 
exposed to equal flames for 30 seconds. 
When the flames were removed, one 
laminate blazed merrily on. The other 
snuffed out instantly, with slight local 
charring. 

The only difference in composition 
was in the hardener or curing agent 
used: at the left, a conventional one; 
at the right, our HET® Anhydride. 

Besides conferring flame retardance, 
HET Anhydride gives a liquid epoxy 
resin a high heat-distortion point and 
superior flexurals at 350°F. It won't 
stain hands or cause dermatitis. And 
it costs less than most hardeners. 

We don’t make epoxies, but we'll be 
glad to send you data on HET Anhy- 
dride. Just check the coupon for it. 


For more information on Durez products mentioned above, check here: 
[) High-impact molding compound Durez 16771 (Bulletin D203) 

Epoxy hardener, HET Anhydride (Bulletins 19 and 43) 

Durez molding materials (descriptive Bulletin D400) 


Check, clip and mail to us with your name, title and company address. 
(When requesting samples, please use business letterhead) 


DUREZ p.iastics DIVISION 


1406 WALCK ROAD, NORTH TONAWANDA, N. Y. 


® Phenolic for motor housings 


Housing for life 


Here is part of an appliance not built 
for planned obsolescence. 

The new Hoover convertible vacuum 
cleaner, say its makers, is designed for 
virtually a lifetime of service. Its en- 
gineering represents over 50 years of 
leadership in a highly competitive field. 

It’s significant, then, that to enclose 
the cleaner’s two-speed %-hp motor, 
Hoover designers settled on a housing 
of molded Durez phenolic. 


THE HOOVER COMPANY 


You needn’t look far to find good 
sound reasons for using phenolic to 
mount or protect a motor. Phenolic 
gives lifetime stamina at low cost. It’s 
rugged, non-warping—yet weighs less 
than other housing materials. On a 
complex part, it can save you much 
machining. 

Your custom molder can teil you 
more. Or use the coupon to request 
fact-crammed Bulletin D400 on Durez 
molding materials, their properties, and 
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HOOKER CHEMICAL CORPORATION 


HOOKER 


CHEMICALS 
PLASTICS 


aan aa ane a oe oe oe oe oe oe oe ew a ee ewan 


For more infermation, turn to Reader Service card, circle No. 406 
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Ideas in Electronics 
from Norton 


The electronics industry became a 
giant before it became a baby. 


This outstanding growth has been 
largely due to the development of new 
materials — refractory materials with a 
great range of electrical properties. The 
prime source of these idea refractories is 
Norton Company. 


For example, refractory fused alumina 
has high constant resistivity, to assure 
minimum leakage between elements in 
TV, radio and radar tubes. The same 
material is a recent innovation for tran- 
sistor potting. Norton silicon carbide is an 
essential component in lightning arrestors 


and other non-linear resistors because of 
its variable voltage-current relationship. 
Silicon carbide is also finding new uses in 
microwave absorption, and as single 
crystals in high temperature rectifiers 
and transistors. 


Fused magnesium oxide, used in most 
heating elements for electric ranges, has 
gained acceptance in such areas as ad- 
vanced thermocouple design and infra- 
red transmission. 


Norton offers a wide choice of super- 
refined refractories, including oxides, 
borides, nitrides and carbides, and is 
ready to work with you in engineering 


materials to meet your needs. But above 
all, Norton offers ideas in every field in 
which refractory materials play a part. 
Write Norton Company, Refractories 
Division, 345 New Bond Street, Wor- 
cester, Massachusetts. 


NORTON 


REFRACTORIES 
Crystallizing ideas 
into products 





For more information, turn to Reader Service card, circle No. 326 
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A TEXTURED FINISH THAT TAKES HARD Qo... MaT SPRAY-ON VINYLS 


color... you get all of these aesthetic qualities with the new 
viny! finishes from M&T. But that’s only half the story. 
These coatings give your product an enduring coat of armor that withstands just about 
all the physical abuse users can give it. The finish absorbs impact without chipping, 
doesn’t fade, refuses to stain or deteriorate despite constant handling. 
You can spray M&T Vinyl Finishes on the most complex parts...and produce a rich- 
looking texture on smooth surfaces. Or you can reproduce the most exact detail of 
finely patterned metal. Or you can put a smooth protective overcoat on smooth metal. 
Business machine manufacturers will find M&T spray-on vinyls very well suited to their 
products. Not just for.decorative texture and eye-appeal, but for long-term durability, 
too. There is hardly a finish that so economically offers so much resistance to scratch- 
ing, scuffing, abrasion—and the encroachment of “age.” 
Write for more information on what M&T Vinyl Finishes can do for your products. 


METAL & THERMIT CORPORATION 
General Offices: Rahway, New Jersey 
in Canada: MaT Products of Canada Ltd., Rexdale, Ont. 


For more information, turn to Reader Service card, circle No. 361 











CMPC-molded mop handle 
has built-in germ fighter 


Often, engineered plastics add important extra sales features to a product. 
A good example is the “Kleen-Puff’’® mop, manufactured and sold internationally 
by the Zelinkoff Company of Wichita, Kansas. 


CMPC injection molds the one-piece handle using a polypropylene-bacterio- 
stat mixture. The bacteriostat, Biozel®, inhibits the growth of bacteria and odor- 
causing germs and resists mildéw and mold .. . a big selling plus with housewives. 
Biozel is non-toxic and non-irritating to the skin. Tests indicate that its effectiveness 
continues for a year and longer. 


Polypropylene was selected for the handle because of its strength, light weight 
and flexibility. These properties enabled CMPC to mold a small strap, used to fasten 
the mop attachment, as an integral part. Thus, the handle is strong and flexible— 
will bend around curves without breaking and it has no sharp edges to scratch sur- 
faces being cleaned. 


Perhaps these same advantages can bé applied to your product. A call to your 
Chicago Molded Sales Engineer will bring you the services of an experienced and 
trained plastics specialist. Or write: 


Send for new brochure ‘‘Design and 
Purchase of Custom Molded Plastics.” 


CHICAGO MOLDED PRODUCTS CORPORATION 
1020 F North Kolmar Avenve 
Chicago 51, Illinois 


A For more information, turn to Reader Service card, circle No. 414 For more information, circle No. 417 > 
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l he New Lower in cost, too, than other 
modified epoxies, lower vapor 
pressure, less irritating to the skin, 


Low-Viscosity pleasant odor, and producing 


age higher flex strengths when cured, 

Modified Epoxy <1 ssisice® bp-s10 Epoxy 
Resin is the result of years of special 
research at CIBA laboratories. 
Modification with a highly effective 
reactive diluent is accomplished 
during manufacture. 
End uses? You name them! 
Adhesives, laminating, flooring, 
tooling, electrical, sealants .. . 
wherever low viscosity and low 
vapor pressure for maximum 
impregnation or filler loading is 
a must 
The price is the same as for an 
unmodified resin. You will want 
full particulars. 


CIBA Araldite DP-310 


CIBA Products Corporation 
Fair Lawn, New Jersey 





CIBA 
First in Epoxies 





Spaulding GFW-60 is designed 

to provide industry with a material 
of extremely high burst strengths 
for such applications as circuit 


* breaker arc interruption chambers, 
= high-voltage fuse tubes, switch 
gear and similar type components. 


It can be furnished with fibre 
liners, metal inserts, or with 


*Glass filament wound epoxy tubing re cg 


Its ratio of burst strength to axial 


gives industry a new tensile strength can be varied 


to fit specific applications. 


It is available in a variety of 


high burst strength material circular sizes and lengths, and 


with special shapes. 


ae 


a 


: 


ae 





SPAULDING GFW-60 (1” x 114” size) 





Water Absorption ‘ 05 


PROFILE OF CHARACTERISTICS [ccc oun 


Tensile Strength 


Compression Strength psi 
Axially As Received 
Radially As Received 


As with All of its Products for Industry, Spaulding Offers Complete 
Value Analysis and Fabricating Services for Your Application of rat Dendanaltates Short veme 
GFW-60. Contact Spaulding for Details 

















SPAULDING FIBRE COMPANY, INC. 
321 WHEELER STREET, TONAWANDA, NEW YORK 


For more information, turn to Reader Service card, circle No. 375 
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Titan’s new RC Hex is free- 
cutting brass hexagon rod with 
radius corners. 
It offers exciting new advantages when 
used on screw machines. It is best for making 
bolts, nuts, hydraulic and automotive fittings, and 
other parts where the hex serves as a wrenching shape. 
Here’s why: 


Superior Points of RC Hex Brass Rod 

@ Weight-per-foot saving averages 144% over conven- 
tional sharp-cornered hex rod. Costs are less. 

@ Screw machines can take larger rod because of 
reduced dimension across Titan RC Hex rod corners. 
@ Screw machine operations are quieter and safer 
because sharp hex corners are rounded. 

@ Stock tube liners last longer. Machine downtime is 
reduced because of “rounded” hex bars. “Corner” damage 
is less. Higher speeds can be used. 


@ Parts made of Titan RC Hex 
take superior plating because of 
reduced buildup on corners. Finishing 
costs less. 
@ RC Hex facilitates assembly of finished parts. 
®@ “Rounded” machined hex pieces don’t nick or 
burr during handling and shipping. 
@ Finished products made from Titan RC Hex have 
improved “rounded” quality look ... added to the natural 
beauty and strength of being brass. 

Titan produces RC Hex rods in many sizes. Most are 
from 144” to 21%” across flats. “Special” die -sizes are 
standard at Titan. Let us know your needs. 

Consult Mill for RC Hex in alloys in addition to Free- 
Cutting Brass. 

Order Titan RC Hex from your nearest Titan Man. 
Rapid shipments are made to you direct from four Titan 
brass rod mill depots: Bellefonte, Pa.; Seymour, Conn.; 
Indianapolis, Ind.; Newark, Calif. 


Write for RC Hex 


die size list 


and catalog data 


Established 1915 


TITAN mera MANUFACTURING COMPANY 


OivistOn OF CERRO CORPORATION 


Chrome-plated brass parts machined from 
Titan RC Hex. Reduced buildup on corners 
gives superior plating results. 


Bellefonte, Pa. © Newark, Calif. ¢« Offices & Agencies in Principal Cities 
RODS e FORGINGS e DIE CASTINGS e¢ WELDING RODS e¢ WIRE 


For more information, turn to Reader Service card, circle No. 330 





B.EGoodrich 


Plastics 


, FOR 


LIVING 
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There is one mark of similarity shared by all the mem- 
bers of the family of plastics from B.F.Goodrich Chemical. 
The reputation built by this plastic material producer for unusually 

high uniformity and reliability is valued in the operation of every user of 


a BFG Chemical material. 


More than twenty years of experience in maintaining an exceptional reputation for 
assistance to customers is at your disposal when you choose to profit with any of these 
plastic materials. For more information, write Department NN-4, B.F.Goodrich Chemical 
Company, 3135 Euclid Avenue, Cleveland 15, Ohio. In Canada: Kitchener, Ontario. 


AbSON 


You've never seen an ABS material so 
easy to mold! Here's how to get all the 
advantages ABS materials give a prod- 
uct, yet get easier processing, too. Use 
Abson! It provides excellent impact 
resistance, resistance to Corrosion and 
chemicals, as well as fine surface 
finishes and detail. 

Yet the superior flow characteristics 
provide advantages in moldability and 
vacuum-forming ability (in standard 
equipment) that no other ABS material 
can offer. You can reduce operating 
temperatures, providing a solution to 
color drift. Cycle times can be short- 
ened, and gauge pressures can be 
reduced. 

There’s a lot more to the advantages 
you can get by using Abson. For com- 
plete information, write today. 


EsSTANe 


This urethane is the first thermo- 
plastic elastomer! Estane gives you 


two significant processing advantages: 
it is an elastomer requiring no curing 
and it is thermoplastic. You can recycle 
indefinitely. Products are tough, un- 
usually resistant to cut and tear, and 
resistant to ozone, fuels and oils 

Otherwise wasted stock accumulated 
through normal fabrication can be re- 
cycled when you use Estane. You can 
extrude, injection-mold, mill, calender 
and dissolve without cross-linking or 
curing. Processing is much like vinyl 
—as fast, on the same equipment, with 
similar settings. Yet many physical 
properties are like those of rubber. 

To get complete information about 
using Estane, write for Bulletin 18. 


GEoN 


Look how many ways this versatile 
plastic performs! As a soft, flexible 
material, Geon vinyl provides an ex- 
cellent combination of properties, either 
by itself or in combination with other 
materials. Geon provides inertness or 
resistance to chemical attack, acids, 
alcohols, oils and solvents—as well as 
providing superior electrical properties, 
and resistance to abrasion and weather- 


ing. Extruded, molded or used as a 
coating on metal, wood, paper or other 
materials, Geon offers outstanding 
opportunity to create new products or 
improve old ones. 

In rigid form, Geon provides the same 
basic properties, with structural ad- 
vantages added. For example, rigid 
Geon is used in many building applica- 
tions—as sash, moldings, coving, or 
decorative sheet. Rigid Geon pipe and 
conduit provide corrosion-resistant ad- 
vantages resulting in far longer, 
trouble-free life. Rigid Geon extrusions 
are also valued for their spring-back 
properties and the fact that extrusions 
can be made which offer weight-carry- 
ing potential. 

New hi-temp Geon offers the ad- 
vantages of Geon vinyl for applications 
withstanding operating temperatures 
of 215°F; 60°F higher than previous 
rigid vinyls could withstand. This new 
addition to the Geon vinyl family can 
be used in the same way as any of the 
other uses of Geon—for flexible or 
rigid applications, sheet, moldings, 
extrusions. 

Complete information telling about 
the many ways Geon can help improve 
a product or open whole new markets 
is readily available. Write for it today. 


B.EGoodrich Chemical 


a division of The B.F.Goodrich Company 


For more information, turn to Reader Service card, circle No. 353 
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Textolite’/reliability 


COMPARE NEW 96) Textolite c-5, 11588 


Water Absorption Flexural Strength Impact Strength Arc Dielectric Strength Approx. 
(% 24 hr. @ 25C) (Ibs. /sq. in.) (ft. Ib. /in. Resistance parallel tolaminate _— Price 
notch) (seconds) D-336/50 $/lb. 
Cond. A E-200/150 (KV /in.) 











Glass /Melamine 
MIL-P-15037 (GMG) , 50,000 ¢ 30,000* 13 180 « 5* $2.50 


requirements 





Glass /Melamine 
MIL-P-15037 (GME) 30,000 50 $2.50 
requirements 


Glass /Polyester 


GPO-1 (Typical Industry Values) ‘ 10,750* 100 19* $1.00 





Glass /Epoxy 
G-10 (Typical Industry Value) A 5,050* 60 30* $3.10 


Glass /Silicone 
G-7 (Typical Industry Values) 





18,000* . 185 16* $6.50 
*Test values not required by specifications 


A look at the chart above and you will see that here is a unique 
glass/melamine laminate with excellent moisture resistance and flexural 
strength. In addition, 11588 has good impact and dielectric strength, as well 


HOW MANY NEW as being highly arc resistant. If you have applications that have required 
epoxy-based laminates, for example, see if this glass/melamine might not 

be suitable, at lower cost. 
Designed primarily for use by electrical apparatus and appliance man- 
APPLICATIONS ufagturers, 11588’s unusual combination of properties makes it highly 
attractive as an insulator for a multitude of electrical and electronic appli- 


cation. The relatively low cost per pound plus its outstanding characteristics, 
make this laminate ideal for use as slot wedges, terminal boards, transformer 


Cd n YOu ’ | spacer blocks and .. . well, you name it. 


You may be using any one of the materials above for a particular 
property it possesses. If so, look closely at G-E Textolite G-5 11588. It may 


Suggest have the property you need plus additional desirable properties. Many 
applications certainly must demand sgch fayorable combinations — what can 
you do with these properties? We will be happy to work with you or send 


complete information and samples. Write: Laminated Products Department, 
Section MD-61, General Electric Company, Coshocton, Ohio. 


Progress /s Our Most /mportant Product 
GENERAL @@ ELECTRIC 


COMMUNICATIONS 


For more information, turn to Reader Service card, circle No. 425 
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am 
die cast 
appliance part 


ROWSon 
die cast 
lighter part 


 &@ 


North Amer. Philips 
nylon coil form 


die cast power 
tool part 


4) 
E 


0... 
irin phone 


dial part 


Remington Rand 
insert cast sensing brush 


IBM 
insert cast-mold 
commutator brush 


rner 


ter gear 


Section of our tool shop, where quality starts 


() 
die cast 
scale part 


Minneapolis- 
Honeywell 
die cast switch part 


for GRC TINY ZINC ALLOY DIE CASTINGS 
and ENGINEERING THERMOPLASTIC MOLDINGS 


‘| 
| 


tinghouse 
insert molded 
insulating screw 


Di 
die cast circuit 
connector 








ntercast hinged 
luggage closur 


how many 
of these 


ES arc 


small parts ideas ~ 


a 


: 


can you use 


in your business? 


They are, truly, Shapes of Progress...tiny 
components that mark Gries’ significant 
and recognized strides in die casting and 
molding small parts. Each makes a better, 
more profitable product possible. Yet none 
could have been made with such high 
quality...so economically...withgut 
GRC’s specialized capability: the combi- 
nation of design experience and unique 
automated facilities. 


NO SIZE TOO SMALL! 


Maximum sizes up to 2”, 4 


Oz. 


> 
i i 
ew oe — 
@ : 
ectric 


die cast 
camera part 


cos 


Lione! 
die cast model 
train.part 


@. 


flashlight part 


die cast timer part 


mechanical 


encil part 
ns st im ided 


contr irts 


N sh Reg. 
n adding 
machine part 


Ford Motor 
die cast horn part 





Parts shown 4 actual size 


What about your idea...your product? 
GRC gives you design flexibility you may 
never have thought possible... precision 
and savings thru 25 years of die casting 
and molding tiny parts exclusively. No size 
is too small no design too intricate to 
nsider 

We welcome your inquiries...and offer 
several significant booklets to help expand 
your design horizons. Won’t you write? 


GRIES REPRODUCER CORP. 


WORLD'S FOREMOST PRODUCER OF SMALL 


153 BEECHWOOD AVE., NEW ROCHELLE, N.Y. 
NEW ROCHELLE 3-8600 


See us at 
Plastics Show #1549 


DIE CASTINGS 


more information, turn to Reader Service card, circle No. 379 
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BOND FAILURES CAN BE PREVENTED! 


Here’s how fo stop 13 of them... 





Type of Failure 


Solution 





THERMOSETTING ADHESIVES 


eCohesive failure 


e Adhesive failure from 
metal 

e@ Adhesive failure from 
substrate other than 
metal 

@ Cellular areas in 
adhesive line 





Check film with solvent used in adhesive. If solvent softens the adhesive film or 
becomes tacky, this indicates insufficient cure. Make sure bond line time and 
temperature is used. 


If metal surface has a white, clean appearance, check cleaning technique. 


Try prime coat of diluted adhesive, also check compatibility. 


Increase pressure and/or adhesive. 





-— imal ie 


CONTACT ADHESIVES— 
room temperature setting 
@ Tacky film 


@ Shiny areas 
e@ No bond 


e@ Failure in adhesive 
from metal 

e Failure from substrate 
other than metal 


If film should dry hard but remains tacky, the cause may be entrapped solvent or 
migration of plasticizer from one substrate. 


Poor contact, insufficient pressure or insufficient amount of cement. 


If heat reactivated type, adhesive was too cool at time of assembly or 
poor compatibility. 


Improper cleaning. 


Incompatible or unclean surfaces. 





HOT MELT 
@ No bond 


Incompatibility, adhesive too cool at time of assembly. Parts too cool at time of 
application of adhesive. 











EPOXY BASE ADHESIVES 
AND 


CASTING COMPOUNDS 


@ High exotherm 
@ Tacky film or casting 


@ Flexible casting or film 
of rigid adhesive or 
casting compound 


Mix lower volume and pour mixed material into shallow tray. Cool base and acti- 
vator before mixing or use Metermixing equipment. 

Improper base activator ratio, improper mixing of base and activator, improper 
cure. Check bond line temperature. 

Improper mixing of base and activator, improper base and activator, improper 
cure. Check bond line temperature. 














Bond failures can be prevented! Raybestos-Manhattan’s 
adhesive experts also have solutions to less common causes n oe ger Anew 
of bond failures . . . based on more than 20 years’ expe- re La me po the, om 
rience in the production of bonded assemblies and the _— a 

fac f adhesives. coatings and sealers. Wh = on Ray-BOND adhe- 
manufacture of adhesives, coatings and sealers. y not = sives. Write for your 
call on them today for the answers to your adhesive free copy now. 
problems—no cost or obligation, naturally. ~ 


oundnninal 


R/M Bulletin No. 700 





RAYBESTOS-MANHATTAN, INC. 


ADHESIVES DEPARTMENT, Bridgeport, Conn. + Chicago 31 + Detroit 2 + Cleveland 16 +» Los Angeles 58 


For more information, turn to Reader Service card, circle No. 427 
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—_ 


-_ 


most flexible ‘Tr 


STOKES BUILT-IN PRESS MOTIONS 


trim costs of powder metal parts 


This 50-ton Stokes press gives you the multiple motions you must have 
for complex powder metal compacting ... without the expense and delay 
of manufacturing and setting up complex tooling for every job. Stokes 
built-in motions give highest production of even the most compli- 
cated parts. 

The Model 640 Powder Metal Press provides two upper and three lower 
compacting motions with underfill or resistance pressing controls. By 
simply positioning a selector switch and sequence dials at the control 
panel, the third lower motion can be set up as a resistance motion, a 
third lower punch, or as a stationary, movable, or ejecting core rod. 


All press motions are precisely indicated and controlled from the central 
operating position in front of the press. Single cycle control simplifies 
tool set-up and facilitates compacting of parts with inserts. Rigid cast 
box-type frame overcomes deflections common in gap frame presses. 
Yet it provides accessibility for tool changing not available in 
four post presses. 
For complete technical data on Stokes Model 640 50-Ton 
Multiple-Motion Powder Metal Press, write for Bulletin No. 
1200. For any compacting or pressing job, no matter what the 
material, no matter what the size or production requirements 
. you can do it faster and more economically with Stokes 
equipment. Consult Stokes Engineering Advisory Service for 
complete technical 
assistance in design- 
ing parts, punches 
and dies, or complete 
production facilities. 


POWDER METAL PRESS DIVISION ¢ F. J. STOKES CORPORATION « 5500 TABOR ROAD, PHILADELPHIA 20, PA. 


For more information, turn to Reader Service card, circle No. 320 





NEW SIZE RANGE SURPRISE! 


HERE’S A NEW PROCESS in centrifugally spun tub- 
ing that offers you greater freedom in design. It's 
ACIPCO CERAM-SPUN®...the new ceramic mold 
process* that is not limited by equipment sizes! 


NOW, YOU CAN ORDER almost any combination of 
sizes you require. ACIPCO CERAM-SPUN*® tubes of- 
fer O.D.’s from 2.25” to 50”; and wall thicknesses 
from .25” to 8”. As-cast lengths are furnished from 
4 feet to 20 feet, longer lengths are made by welding. 


THINK OF HOW MUCH this process can save you! 
You'll avoid the cost of unnecessary metal waste, and 


ACIPCO CERAM-SPUN 


STEEL TUBING 


excessive machining charges. And ACIPCO’s com- 
plete “under one roof” operations — including heat 
treating, machining and welding — offer many addi- 
tional economies. No need for the delays and ex- 
cessive costs that often result in buying from mul- 
tiple sources. 


If you design, manufacture or use tubular component 
parts, it will certainly pay you to investigate the 
versatility of ACIPCO CERAM-SPUN® tubing and the 
flexibility of ACIPCO’s integrated facilities. Contact 
ACIPCO STEEL PRODUCTS, Division of American 
Cast Iron Pipe Company, Birmingham 2, Alabama. 


*Patent applied for 


For more information, circle No. 400 





This simple, install-it-yourself Carter fuel filter traps 
impurities that can cause flooding, stalling and gas 
waste. Engineered especially for power mowers, out- 








board motors and other light gasoline engines, this 
super-efficient filter 
maintenance costs and reduces the need for overhaul. 


provides easier starting, cuts 


How Carter Carburetor Builds A Better 
Fuel Filter With Spencer Nylon: 


As a leader in its field, Carter Car- 
buretor Division of ACF Industries 
was among the first to recognize the 
many benefits of using nylon for auto- 
motive engine accessories. In designing 
their Zip-Disk Gasoline Filter, Carter 
production experts utilized a Spencer 
Nylon housing custom-molded by 
Danielson Manufacturing Company. 
Here are some of the advantages they 
achieved: 


1 Economy: Molding the parts of 
Spencer Nylon eliminates expensive 
stamping or machining processes nor- 
mally required by metals. There is no 





need for protective or decorative plat- 
ing, polishing or painting. Assembly 
is also simplified because screwing, 
threading and welding are unneces- 
sary. 


2 Durability: In addition to its high 
impact strength, the Spencer Nylon 
housing is unaffected by gasoline and 
is not subject to corrosion from mois- 
ture. Motor vibrations and high engine 
temperatures will not distort its shape 
or cause cracking. 


3 Visibility: The transparent Spencer 
Nylon housing permits the user to 


SPENCER CHEMICAL COMPANY 


check the filter for contaminants with- 
out disassembling a single part. 


4 Light Weight: Weighing less than 
an ounce, the Spencer Nylon housing 
can be attached with snap-on connec- 
tions; without heavy-duty clamps, or 
additional braces to prevent vibration 
noises. 


How about your product — can it be 
made better for less with Spencer 
Nylon? It’s well worth considering. In- 
vestigating the possibilities costs you 
nothing. Just contact Spencer at the 
address below. 


SPENCER NYLON 


Dwight Building . . . Kansas City 5, Missouri 


For more information, turn to Reader Service card, circle No. 444 
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How to squeeze compact switchgear into still less space! 


Throughout the electrical industry, they’re talking 
about St. Regis® Panelyte’s revolutionary new arc 
chute for I-T-E’s latest switchgear. For, among 
other advantages, this chute helps make the switch- 
gear approximately one-third smaller than the 
next most compact unit made. 

Each chute is molded at 2,000 psi using a non- 
tracking, flame-retardant polyester-glass fiber 
molding compound. Molds are 24” x 15” x 214” and 
must meet a minimum dielectric strength test of 
250 volts/mil. 


Special test molds— A joint Panelyte I-T-E devel- 
opment program was underway long before the 
first drawing. Panelyte engineers made special test 
molds to determine the optimum wall configuration 
for housing the chute’s blowout coils. Then Panel- 
yte engineers worked hand-in-hand with I-T-E to 
cut both overall chute size and unit cost. 





Extensive Panelyte manufacturing facilities—W hen 
the switchgear’s design was frozen, Panelyte’s 
manufacturing group took over. Using special 
presses, quality production was both fast and eco- 
nomical. Each molding was proof-tested to assure 
highest quality. 


Why don’t you take advantage of Panelyte’s Cus- 
tomer-Supplier Development Program .. . and of 
Panelyte’s 22 years’ experience in high-pressure 
molding ? For complete details on all the advantages 
Panelyte offers you, write 
today to Dept. MDE-661, 
Industrial Panelyte Divi- 
sion, St. Regis Paper 
Company, No. Enterprise 
Ave., Trenton, N. J. 


Syecmage 
PANELYTE 


Panelyte also produces laminated plastic sheets, rods, tubes and 


opper-clad stock, as well as special laminates and fabricated parts 


For more information, turn to Reader Service card, circle No. 380 
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START: Heated billet is centered between dies of the Slick Mill. 











15 SECONDS 30 SECONDS 40 SECONDS 55 SECONDS 


Upset-forging starts. Rolling cycle starts. Forging is completed. Forging is removed from mill. 


One minute...one circular forging 


That’s all the time it takes to convert a heated —to set up production runs as small as 25 or 50 pieces. 
billet (100 to 2,000 Ib) into a contoured forging Ask about the low die charges which are made possi- 
on Bethlehem’s unique Slick Mill. ble by the brief contact between die and work. Ask 
; ; : about the light-weight sections this mill can produce, 

But fast operation is only one reason why Bethle- without sacrificing strength. 
hem’s Slick Mill turns out a top-quality forging at a 


price that’s hard to match We'd also like to tell you about the excellent grain 
price ats é ( aten, E 


flow, machinability, and soundness of every Bethlehem 


Ask us, or our nearest sales office, about the quick circular forging. 


die changes, which make it possible—and economical Ask. You'll like the money-saving answers. 
BETHLEHEM STEEL COMPANY, Bethlehem, Pa. 
Export Sales: Bethlehem Steel Export Corporation 
for Strength 


— BETHLEHEM STEEL 


...V ersatility 





For mere information, turn to Reader Service card, circle No. 389 
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Tempilaq’ TTealel-Te-litig-Mlaleller-lilale Metel-lilaler 


® Tempilag? consists of materials of calibrated . . AVAILABLE IN 2 EASY TO USE FORMS! 
melting points suspended in an inert, volatile, non- — 

flammable vehicle. It lends itself more readily than —-4 Tempilaq® that you can spray on is avail- 
Tempilstick® temperature indicating crayons for use 
on glass or other polished surfaces. 


The manuals and data sheets of a number of 
leading manufacturers in the electronic field suggest 
Tempilaq’® as a convenient means of determining op- 
erating temperature characteristics of components. 


Some of the applications for which Tempilaq standard glass bottle packaging only. 
has been found very useful are— dente ti ashanti alana sind aes 
Tempilaq® in aerosol packaging is presently avail- 


* Monito metal-to-glass seal temperature of 
et me iis . ° able in the following temperature ratings: (in °F) | 


electronic tubes. 
Safeguarding television camera tubes against 100 200 275 313 350 425 
overheating. 138 213 282 319 363 438 


Checking baking temperature of television | 150 225 288 325 375 450 
picture tube bulbs. 163 238 294 331 388 463 


Studying temperature rise of transmitter tubes. 175 250 300 338 400 475 
Pinpointing component failure due to 188 263 306 344 413 488 


overheating. Aerosol packaged Tempilaq’ (8-oz. can) 
Signaling temperature rise of rheostats. containing 4 oz. of Tempilaq* plus 
Determining operating temperatures of required propellant $5.00 ea. 
industrial x-ray machines. 
Detecting overloaded power switches and c= ; Tempilaq® that you brush on is avail- 
other electrical apparatus. ? able across the full range—from 100°F 
we to 2500°—in eighty-one carefully cali- 
These are only a few of the typical uses but they may ——- brated temperature ratings. Like 
suggest how Tempilaq*® may help you solve your Tempilaq® in the aerosol package, each 
problem. Write to us—our experience in this field indicates its stated temperature with an accuracy of 
is at your disposal. plus or minus 1%. 


Tempilaq’ in bottles is available in the following 
temperature ratings: (in °F) 





T ° 
HE KEY TO, Femnpéing" DEPENDABILITY 100 213 300 363 475 750 1050 1450 1850 


113 225 306 375 488 800 1100 1480 1900 
. INSTANTANEOUS INDICATION —The response delay of a 125 238 313 388 500 850 1150 1500 1950 


thin layer of Tempilaq® is of the order of a millisecond. 138 250 319 400 525 900 1200 1550 2 
. ACCURACY — Withi it of the stated tempera- 
fire. stig Wi ae lnaiemeers oanlty. wom, athe’ ted 150 263 325 413 550 932 1250 1600 2100 


tolerance. . .163 275 331 425 575 950 1300 1650 2200 
. TIME-INDEPENDENCE —The indication of Tempilaq’ does 175 282 338 438 600 977 1350 1700 2300 
not depend on the duration of heating. 188 288 344 450 650 1000 1400 1750 2400 
EASE OF INTERPRETATION—The melting of a Tempiiaq’ 200 294 350 463 700 1022 1425 1800 2500 
coating is sharp and unmistakable—provides definite 7 
“yes” or “no” information regarding attained tempera- : Tempilaq® in bottles is available in 2-oz. 
ture—leaves no room for doubt. size at $2.00 ea. 
. NON-REVERSION—A melted Tempilag’ coating, on cool- and pint-sized units at $12.00 ea. 
ing, does not revert to its original dull-opaque appearance 
but remains glecsyp-tansperent — mah ont” ie Sorry—but we cannot undertake to supply free sam: 4 
terpretation a aaa perme fon ¥ You can, however, make a trial purchase of Tempilaq* in 
. either the standard 2-oz bottle or an aerosol container. If, 
Each batch of Tempilaq” is carefully calibrated for melting for any reason Tempilaq’ proves unsuitable for the applica- 
tion you have in mind, the full purchase price will be 
refunded. 


© TEMPIL® CORPORATION, 1961 








Ves y Smee wenmme 132 WEST 22nd STREET, NEW YORK 11, N.Y. 


A For more information, turn to Reader Service card, circle No. 368 For more information, circle No. 418 > 


96 *¢ MATERIALS IN DESIGN ENGINEERING 





GOOD “YEAR 


Why men with ideas are using new, versatile VITEL resins 


Packed with potential to pay out ideas—aptly describes surfaces and products. Their excellent electrical prop 
the exciting new family of VITEL polyester resins. In erties answer many insulating problems. Their chem 
appropriate solutions, these resins give metal a tough ical resistance is outstanding. 

weather-resistant coating. They add a rich tone to Another extra: VITEL resins are so workable thev can 
wood; give paper a high gloss; provide lasting bonds in be applied by brushing, spraying, roll coating, dipping 
laminates; serve ideally as a binder in printing inks all with conventional equipment. 


even on slick surfaces suc as Viny A 
n slick sun h inyl New highs in appearance, performance and sales are 


More ways new VITEL resins shine? Their glasslik yours With VITEL solution resins. For technical data 
clarity makes a finish a thing of beauty. Their unusual plus resin samples, write Goodyear, Chemical Divisio} 
adhesion makes them applicable to a wide range of Dept. F-9437, Akron 16, Ohio. 


. ¢: _ _ Lots of good things come from e~ 
i« GOODF YEAR 


POLYESTER 


-_ CHEMICAL DIVISION 
L . 





Chel | Mislcmaclakme) ole)? 


Pre-Alloyed 


Stainless Steel 
and 


High Alloy 
HOEGANAES 


Pre- iHloved 
Stainl _ 


ess 


 \ oe POWDERS 


and 


High Alloy Powders 


\\ . ea the) ‘re all here 
‘~ 
+. 
| 

in this new, 

@ 72 
Pe syst just-off-the ~pre s§ 

Just of f v : | 





the press HOEGANAES 
~ask for mS BOOKLET NO. 128 


Booklet No. 128 


HIGH ALLOY METAI 
PARTS FABRICATION is now 
possible on a low cost produc tion 
basis thanks to the excellent 
physicial properties of Hoegan 
1es High Alloy and Stainles 
Steel Powders 

Here’s more helpful free data... . on Se daherch aaa 
HSIC Research Report On 316L Stainless Powder field engineering staff are avail 


ible to work with you on your 





A 2-page research report on Hoeganaes 316L Stainless Powder individual requirements with 


developed to help guide you on the proper processing of this field i practical solution in = mind 


tested Stainless Powder They're as near as your ‘phone 
from HSIC Start now by requesting yor 
free copy of booklet No. 128 


1 copy will be in the return mail 


Graphs show the physical properties you can expect 
316L under the conditions covered by this report 
Write for your copy today—ask for HSIC Research Report No. 5 


A copy will be in the return mail 


IO = 


HOEGANAES SPONGE IRON | HOEGANAES SPONGE IRON CORPORATION | 


RIVERTON, NEW JERSEY 


SALES REPRESENTATIVES IN PRINCIPAL CITIES: Birminghem, Chicege, Cincinnati, Cleveland (Festerie), Edmonton 
(Alberta, Conede), Mentrea! (Cenede), Terente (Cenede), los Angeles, Mexice 16, D. F. (Mexice), Minneepelis, 
New England (Elmira, N. Y.), Odesse (Texes), Philedeiphie (Riverton, N. J.), Pittsburgh, Sen Francisco, $1. Levis 
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0.001” CORROSION 
IN 1250 YEARS 





HEAT EXCHANGER TUBE 


WITH TITANIUM 








ARE You 


-\= BUYING TUBE 


\‘= 


If a shortage of fresh water for heat transfer operations 
is causing your company to use sea water or brackish 
waters for heat removal duty, here are some mighty im- 
portant facts for your consideration: 


(1) In salt water service, the corrosion rate of com- 
mercially pure titanium tubing has been calculated at 
0.001” in 1250 years. In addition, tubing manufactured 
from titanium is immune to stress corrosion cracking in this 
type of service. Tests also indicate no apparent tendency 
toward crevice corrosion nor is there any indication of 
pitting from marine growth deposits. 


(2) On the other hand, the tendency of some ferrous 
and nonferrous metals toward corrosion cracking and 
pitting with corrosive elements on the tube side and sea 
or brackish water on the shell side makes frequent mainte- 
nance and material replacement a costly procedure .. . 


TITANIUM ELIMINATES THIS COMPLETELY. 


(3) Because of its resistance to corrosion in this type of 
service, thin walled titanium tubing can be specified as 
can thinner sections for other components. The result is 


BY THE YEAR? 


greater heat transfer efficiency and, because of greatly 
increased operating life, a lower prorated cost per foot 
for titanium heat exchanger tube . the tubing that 
gives years of service instead of only months. 


This is but one of a number of areas where Wolverine 
titanium heat exchanger tube can bring increased heat 
transfer efficiency at lower costs. Why not have Wolver- 
ine Tube's Field Engineering Service staff analyze your 
heat transfer operations? All you have to do is fill in and 
mail the data sheet on the reverse side of this page. 
There is no obligation. Do it today! 


WOLVERINE TUBE 


DIVISION OF 


*, Calumets Hecla, Inc. 


DEPT. N, 17258 SOUTHFIELD RD., ALLEN PARK, MICH 


° Aluminum recio! Met 


PLANTS IN DETROIT, MICH. AND DECATUR, ALA 
SALES OFFICES IN PRINCIPAL CITIES 





() TITANIUM COMPARISON CHECK 
SOW) SHEET 


WOLVERINE TUBE 
17258 Southfield Road 
Allen Park, Michigan 


GENTLEMEN® 
We are interested in the possibility of using titanium heat exchanger tubing in 


our heat transfer operations. Will you please have your Heat Transfer Specialists analyze the follow- 


ing technical data and advise us if Wolverine titanium heat exchanger tube would be practical 


under the following conditions? 


PLEASE ANSWER ALL QUESTIONS AS COMPLETELY ot 








Whot is Ol D. of material? Wall Size? 


Deeniie corrosive pala with percent of concentration. 


343H iNO BVAL > 


What is maximum temperature of corrosive product? 
What is tube side operating pressure? 
ls environment oxidizing or reducing? 


What is present tube life? 


FILL IN AND MAIL 


WOLVERINE TUBE 


HON OF NAME 








Le Calumet Hecla, Inc. 


DEPT. N 58 SOUTHFIELD RD., ALLEN PARK, MICH COMPANY 


ADDRESS 


City 





Thrust ejectors on jet engines 
must be examined every 400 
hours. Pan American Airways 
does it radiographically—cuts 
inspection time more than 90%. 


To remove the floating skin on a jet thrust ejector 
and check its insides takes a lot of expensive man- 
hours. But Pan Am gets the answer—now—in 
one-tenth the time. 

By wrapping both Type AA and Type M Kodak 
Industrial X-ray Film around the ejector, a single 
exposure with a 360° x-ray head provides inspec- 
tion of both thin and thicker sections of the unit. 

This is another example of the way radiography 
saves time and guards quality. It inspects enclosed 
assemblies. It examines castings for inclusions, 
voids and shrink. It proves the soundness and 
continuity of welds. And in every case provides a 
record for reference. 


Radiography can save you time, save money, 


and build a reputation for high-quality work. If 


you'd like to discuss how it can help you, get in 


touch with an x-ray dealer or write us for a 


Kodak Technical Representative to call. 


Pan Am inspectors position Kodak Industrial X-ray Film 
and 360° x-ray unit to radiograph jet engine thrust ejector. 


It throttles the roar of a 16,000-lb. thrust 


¢ 


Radiograph reveals structural parts sound but discovers 
an air pipe clamp is broken. 


Now ... Ready Pack in ROLLS and SHEETS 
Kodak Industrial X-ray Film, Types AA and M 
in 200-ft. rolls (16mm, 35mm, 70mm) and 
sheets (8 x 10, 10 x 12, 11 x 14, 14x 17). 


No darkroom loading—film sealed in a light-tight 
envelope 

Just place Ready Pack in position and expose 
Film protected from dust, dirt, light and moisture 
In the darkroom—remove film from envelope and 


process 


EASTMAN KODAK COMPANY 


X-ray Sales Division 


€ For more information, circle No. 419 


Rochester 4, N. Y. 
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... Bonds “strong as a bull 


Whatever materials you’re bonding (to the 
same or to another material), a SCOTCH- 
WELD Brand Structural Adhesive bond 
will give you a bonus of structural strength 
at the joint, with the flexibility to resist 
vibrational fatigue. SCOTCH-WELD adhesive 
bonds distribute stress loads uniformly, 
and protect the strength and integrity of 
materials by eliminating fastening 
holes, maintaining the finish, and sealing 


the 
oints against corrosion. 
Fatigue tests show that metal-to-metal 
oints in Conyair’s 880 jet transports and 
Air Force F-102A jet interceptors, bonded 
with SCOTCH-WELD adhesives, will outlast 
the metal structure they bond together! 
In industry, too, SCOTCH-WELD adhesives 
are finding use in joining hermetically 
sealed metal shipping containers, multiple 
piece castings and thinner gauge metals, 


For more information, turn to Reader Service card 
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Sculpture created especially for 3M Company by Guy Palazzola 


STRENGTH 


rhinoceros” made with SCOTCH-WELD* 


Brand Structural Adhesives 


where tear strength would limit the effec- 
tiveness of other joining methods. 


Look first to 3M! A pioneer in adhesive 
research, 3M has developed the widest line 
of adhesives in the industry. These Tech- 
nical Service facilities are at your disposal. 
For an accurate appraisal of how an ad- 
hesive can add strength, light weight, 
production economy, and greater design 
freedom to your process or product, call 
your nearest 3M Field Engineer or write to: 
AC&S Division, 3M Company, Depart- 
ment SBHH-61, St. Paul 6, Minnesota. 
“SCOTCH-WELD a Reg. T f 3M ¢ M ¢ 


ADHESIVES 


TMiienwesora )finine ano ]ffanuracrurine COMPANY / 
, 
IS THE KEY TO TOMORROW 


«++ WHERE RESEARCH 


ENGINEERING 





What do you want to bond to what? 
The 3M Rhino is fabricated of these 
materials and bonded with SCOTCH 
WELD Brand Structural Adhesives 

1. Wood 2. Aluminum 3. Glass 4. Cerami 
5. Plasti 6. Permanent Magnet Bras 








circle No. 391 
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... AT A GLANCE 


Assembly line inspection of steel slabs up to 4 in. thick is said to be possible with 
a new gamma ray image intensifier system that projects a television image. Gamma 
ray inspection has previously been restricted to photographic methods because the 
high energy rays overload conventional fluoroscopes. The new unit uses a small 
cobalt-60 source and is also said to be useful for rapid inspection of large blocks of 
solid propellant for rockets. 


Source: Rauland Corp., 6001 W. Dickens, Chicago (intensifier); Picker X-Ray Corp., White Plains, N. Y. (camera). 


A highly efficient source of electrical energy is a recently developed biochemical 
fuel cell that uses biological processes, natural in sea water. The experimental fuel 
cell is divided into two chambers: the anode section holds bacteria, enzymes and 
organic matter; the cathode contains sea water and oxygen. Heat normally released 
when bacteria or enzymes consume organic matter is converted to electricity by the 
interaction of the fuel cells through a dividing ion diffusion bridge. Refinement of 


the present model may provide a revolutionary source of electrical power. 


Source: F. D. Sisler, Geological Survey, U. S. Dept. of the Interior, Washington 25, D. C. 


Plastics can crack spontaneously before stressing according to recent research, 
Spontaneous cracking can suddenly occur between between spherulite (radial crystal 
growths) boundaries in polypropylene films after 4 min at 250 F. Subsequent stress- 
ing inevitably breaks the film along the weak or cracked zones. 


Source: L. Baris, Fabric Research Laboratory, Inc., Dedham, Mass. 


Electrospark machining causes an exchange of metals between the work-piece 
and the electrode, according to Polish scientists. Tests run with a variety of elec- 
trodes used to pierce carbon steel and aluminum showed the exchange. Quantity of 
diffused metal is proportional (within limits) to the spark’s capacitance. 


or 


Source: Review of the Soviet Technical Press, Mar 24, '61, Office of Technical Services, Washington 25, D. C. 


Reentering space vehicles or manned capsules can be successfully slowed and 
stabilized in the Mach 3 speed range by balloon-type drag devices, according to a 
recent report. Polyester-neoprene fabric balloons, 9 ft in dia, slow 500-lb missiles 
from Mach 3 to speeds where conventional parachutes can take over. The balloon’s 
inherent stability is also effective in stabilizing tumbling reentry bodies. 


Source: F. R. Nebiker, Goodyear Aircraft Corp., Akron, Ohio. 


Torsion stress resistance of alloy steel shafts can be improved 25-50% in some 
instances, says a recent report. Carefully controlled heat treatment and shot peen- 
ing to strengthen the shaft surface, and designing for the best internal stress distri- 
bution, are the chief methods of upgrading. 


Source: Republic Steel Corp., Cleveland 1 


Blocks of urethane foam used as shipping containers for fragile bottles of frozen 
tissue culture eliminate the need for dry ice packing. The foam is said to provide an 
exceptionally shock resistant cushion against breakage. Six bottles fit snugly into 
cavities in an 8 X 8 X 6-in. block. 


Source: American Latex Products Corp., Div. of Dayco Corp., Hawthorne, Calif 





Practical approach to compactness 
is demonstrated by this flame 
retardant, interphase insulating barrier 
for magnetic air circuit breakers. 
When the equipment was designed, 
CDF utilized its extensive knowledge 
of adhesives and post-forming 

to provide the barriers from a flame 
retardant, paper base phenolic 


laminate. 


Result: two pieces bonded together 
to provide three channels in one unit, 
reducing size and cost, yet 
maintaining effective electrical 


insulating properties. 


A few facts on the laminate: 
Flame resistance: ASTM D-635 
... self extinguishing 
Water absorption, % 
Flexural strength, psi 
Specific gravity 
Dielectric strength, parallel, kv... 40 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE ® A SUBSIDIARY OF THE -Afanbf COMPANY 
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icetal instrument hous 
fo 1961 Valiant. 


Fs 


Zine headlamp door 
for 1960 Chryaler (plated) 


To find out how 


to choose between them, 


aw Acetal Moldings 


vs 


Zinc Die Castings 


two of our editors set out to interview 


experienced end-users. 


Here is their report. 


by Malcolm W. Riley and Donald Peckner, Associate Editors, Materials in: Design Engineering 


@“ .. Acetal resin, a tough, rigid 
material designed 


replacement for 


engineering 
primarily as a 
die cast metals.” 

“Zine fights back: 
make it 


basic char- 
acteristics superior to 
plastics 

Such statements, one in a news 
release from a prominent plastics 
molder, the other a headline in a 
prominent metals paper, have 
spurred the “controversy” 
acetal and zinc. 

What are the facts? 
Acetal plastics 
were not developed to replace die 
cast metals. And zinc is certainly 


over 


For a starter: 


superior to plastics for some ap- 
plications . . . but not for all. 
Each material has combinations 
of properties that make it best for 
certain uses. In this sense, they 
than 


are complementary rather 


competitive. 
Then why the controversy? 


Behind the promotional smoke 
screen, considerations that have 
made the controversy real are: 


1. Parts from both materials 
can be produced by high speed 
production which are 
similar in concept, i.e., die casting 
and injection molding. 

2. Both materials are roughly 
comparable in cost, i.e., zinc 
priced at 14.25¢ per lb, or 3.39¢ 
per cu in., compared with acetal 
at 65¢ per lb, or 3.34¢ per cu in. 
(Prices as of Apr ’61). 

3. Die cast zinc does not have 
the strength or heat resistance 
of many of the wrought metals, 
and thus is most commonly used 
for economical decorative or func- 
tional parts load-bearing 
requirements are relatively low. 
Although thermoplastics are in- 
herently much lower in strength 
and heat resistance than metals, 
the acetals are among the strong- 
est and most heat resistant of the 
thermoplastics. Thus, they have 
helped to narrow the gap in 
strength and heat resistance be- 
tween metals and plastics. 

4. Zinc is an old material, acetal 
a new one. Like any good new 


processes 


where 


material, acetal is not only a spur 
to new product development but 
also is bound to replace and com- 
pete with older materials in cer- 
tain existing applications. 

From the end user’s standpoint, 
the “controversy” can only be 
helpful. Competition is bound to 
stimulate the zine producers to 
further development efforts, some 
of which are already bearing 
fruit, e.g., recent marketing of a 
new zinc die casting alloy with 
improved castability (Zamak-7). 

Competition is also bound to 
stimulate acetal producers to 
further development aimed at 
more closely predicting how their 
materials will perform under var- 
ious service conditions and under 
various processing conditions. 
Competition has also favorably af- 
fected materials prices and should 
continue to do so. 

Which material, if either, to use 
in any given part or product is a 
decision you have to make. But 
the next seven pages should sim- 
plify the job. 
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Acetal vs zinc: compare their performance first 


Since acetal and zinc are two 
very different materials, for many 
applications it is necessary only 
to understand fully the properties 
of each in order to make the cor 
rect choice. Levels of strength, 
heat resistance, weight, electrical 
resistivity and resistance to dete- 
rioration are well established. If 
these factors are of primary im 
portance in your design, you will 
probably not need to go through 
elaborate manufacturing cost 
analyses, 

But a caution: it is all too easy 
to reject a material because of 
some lack or another when you 
could, with some thought, put up 


with it by designing around it. 

The accompanying table com- 
pares zinc and acetal as well as 
they can be compared by standard 
ASTM test methods, Precise quan- 
titative comparisons are not valid 
because of the differences in test 
methods used for metals and plas- 
tics. But you can get an idea of 
relative order of magnitude. 

Now let’s look at performance 
in some detail. 


Strength, stiffness 


Among the zinc proponents’ 
main arguments for zinc is its 


superiority in strength—a fact 


TYPICAL PROPERTIES: ZINC VS ACETAL* 





Property 


ASTM Method 


Acetal 


| Zinc Acetal 





PHYSICAL PROPERTIES 
Specific Gravity D792 
Density, Ib/cu ft 
Ther Cond, Btu/hr/sq ft/°F /ft 
Specific Heat, Btu/Ib/°F 
Coef of Ther Exp, 10-5 per °F 
Melting Point, F 
Max Rec Cont Svc Temp, F 


MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi 
At —4 Ff 
At 32 F 
At 70 F 
At 104 F 
At 200 F 
Elongation 
At —4 f 
At 32 f 
At 70 F 
At 158 F 
Compressive Strength, 1000 psi 
Shear Strength, 1000 psi. 
Impact Strength 
Charpy (unnotched \% -in. bars) 
ft-Ib/% in 
At —4F 
At 70 F 
At 200 F 
Izod (notched, % x 4 x 
ft-lb/in. notch 
At —4F D256 
At 70 F D256 
At 200 F D256 
Hardness 
Rockwell D785 
Brinell 


1,41-1.43 
88-89 
0.13 
0.35 
5.5 
347 
185* 


E8-57T 
E8-57T 
E8-57T 
E8-57T 
E8-57T 
E8-57T 
E8-57T 
E8-57T 
E8-57T 
E8-57T 
E8-57T 
| E9-52T 


| £23-56T 


E23-56T 
£23-56T 
E23-56T 


E23-56T 

E23-56T 
| E23-56T 

E18-57T M94, R120 
E10-58T 82-91 








*Values cover 
Celeon 
*Data available only for Du Pont’s Delrin. 


ranges obtainable in die cast Zamak 3, 5 and 7, and injection molded Delrin and 


Values for zine are ultimate elongation values; values for acetal are at yield. 


‘At 1% deformation. 


*Value is for Du Pont’s Delrin. Celanese recommends 220 F for Celcon. 


Source 
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Adapted from Brown with modifications from literature. 
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that cannot be denied. Zinc’s ten- 
sile, compressive and _ shear 
strengths are much higher than 
those of acetal. In uses.where such 
strength is required, the two ma- 
terials certainly do not compete. 

Interestingly enough, the two 
materials are quite similar in be- 
havior under tensile stress below 
the accepted yield point. Neither 
material exhibits truly elastic be- 
havior, but produces a 
strain curve with hysteresis. Thus 
both materials exhibit a degree of 
“cold flow” or creep at stress levels 
below the yield point. As a result 
no generally recognized tensile 
modulus can be given. 

A rough comparison of rigidity 
and creep resistance can be ob- 
tained by “apparent modulus” 
values. In plastics engineering, the 


stress- 


term apparent modulus is used to 
denote modulus at any given time, 
taking into account deformation 
or strain that has occurred due to 
cold flow or creep. In metals the 
term used is “pseudomodulus.” 

At room temperature, apparent 
modulus of acetal (Du Pont’s Del- 
rin) after continuous loading of 
3600 psi for one day is about 
260,000 psi; according to Brown, 
under the same stress conditions, 
apparent modulus of die cast zinc 
(New Jersey Zinc Co.’s Zamak-3) 
is about 4,800,000 psi—about 14.5 
times greater. 

Existing fatigue data are not 
comparable. According to Brown, 
two zine alloys (Zamak-3 and 
Zamak-5) tested for 10* cycles of 
completely reversed axial stress at 
a frequency of 1600 cycles per min 
have endurance limits of 6875 and 
8175 respectively (specimens aged 
indoors for six months at room 
temperature). The most compara- 
ble fatigue data available on ace- 
tal are an endurance limit of 5100 
psi for 10° cycles at a frequency 
of 1800 cycles per min at room 
temperature and 100% RH. 

Although impact strength data 
are not comparable, it is clear that 
die cast zinc has substantially 
higher resistance to impact loads 
of the type delivered by Charpy 
or Izod test devices. 

Die cast zinc, at Brinell 82-91, 





is much harder than acetal. Acetal 
has a Rockwell hardness of about 
M94. No reading can be obtained 
in die cast zinc on the Rockwell 
M scale. 


How necessary is strength? 


A comparative ranking of phys- 
ical strengths and hardness of two 
materials is of value. The more 
important question is: What are 
the physical strength require- 
ments of the part being designed? 

The types of parts for which 
both zinc die castings and acetal 
been considered are gen- 
erally complex in configuration 
and do not lend themselves to de- 
tailed stress analysis. Specifica- 
tions, for the 
based on performance of the final 
part or assembly, rather than on 
detailed mechanical strength re- 
Final material selec- 


have 


most part, are 


quirements 
tion, then, is made on the basis of 
simulated and actual service tests. 
In every case where acetal has 
replaced zinc, the higher strength 
of zinc was not needed. In those 
cases where load-bearing require- 
ments call for a material having 
more than 8000-10,000 psi tensile 
safety 


(minus suitable 


acetal will not be con 


strength 
factor), 
sidered. 
For equivalent stiffness an ace- 
tal beam, according to Brown, 
would have to be 2.44 times as 
thick as a zinc beam. Because of 
the lack of detailed stress analysis 
in most pertinent applications this 
factor cannot be directly applied. 
But where rigidity is important, 
thicker 
sections in acetal than in zinc. 
The desirability of a high mod- 
ulus depends on the type of per- 
formance required. For example, 
A. C. Gilbert is shifting from a 
plastics material (not acetal) to a 


you will generally need 


zine die casting for the gooseneck 
stand for its toy microscopes. This 
manufacturer felt that the slight 
degree of flexing possible with the 
lower modulus plastic did not give 
the customer the feeling of dura- 
bility that the more rigid die cast 
zine part provided. 

On the other hand, low modulus 
can be a definite asset in meeting 
other design requirements. Ron- 
son Electric Shaver Corp. found 


that both zinc and acetal met im- 
pact requirements for its shaver 
heads. But under certain severe 
impact conditions, the zinc would 
permanently deform or _ dent 
whereas acetal, because of its re- 
silience, would not. 
Resilience is also 
snap fit of parts, and where di- 
mensions may be slightly off in 
the mating of parts. The lower 
modulus acetal can permit relaxa- 
tion of tolerance requirements, 
since the material can more readi- 
ly conform to the proper dimen- 
sions than a higher modulus ma- 
terial (this, of course, cannot be 
carried to the extreme where ex- 
cessive distortion might occur). 
The resilience of acetal can pro- 
vide another definite design bene- 
fit: a degree of undercut in the 
part can be incorporated into the 
mold, eliminating in some cases 
the need for cam-actuated cores. 
In regard to hardness, the per- 
tinent question is: how hard a 
Although 


useful for 


surface do you need? 
hardness plays a part in the fric- 
tion and abrasion characteristics 
of a material, the part it plays is 
not understood. Also, according to 
Brown, 
characteristics are 
properties in which there is little 
or no 
zine. 
When the electric 
shaver head was produced as a 
zine die casting, two washer-type 
bushings of a hardened steel 
(Rockwell C62) had to be assem- 
bled in the -die casting to with- 
stand the 
by the clipper blade which acted 
with reciprocating motion on the 


friction and abrasion 


among those 
information on die cast 


Ronson 


cutting wear caused 


washers. 

Using acetal, Ronson found that 
it could mold-in the bushings. 
Tests confirmed that the 
suffered little or no wear by the 
cutter. The subject of wear and 
abrasion resistance is so complex 
that this specific case cannot be 
presented as a generalized conclu- 
sion. But it is an interesting side- 
light. 


acetal 


Heat resistance 


Melting points of zine and ac- 
etal have been frequently used to 


Ronson Electric Shaver Corp 
Shaver head molding of acetal is 
shown in center. Cutter bar (bottom) 
reciprocates against two molded-in 


bearings on top of molding. 


indicate the difference in heat re 
sistance between the two mate 
rials, i.e., 728 F for zinc, 347 F 
for acetal. In all fairness, this is 
not a useful comparison. 

There is no doubt that zinc can 
withstand higher temperatures 
than acetal. But the question of 
one material vs the other in appli 
cations where heat is to be antici- 
pated can only be answered bi 
how high a tem 
perature is anticipated, 2) how 
long and how often the material 


considering: 1) 


will be exposed to this tempera- 
ture, 3) what loads the material 
must carry during this exposure, 
and 4) what degree of distortion 
(if any) is permissible during 
exposure. 

General recommendations given 
by producers indicate primarily 
the maximum temperatures they 
feel they can safely recommend 
for continuous use of their mate 
rials under “normal conditions.” 

According to New Jersey Zinc 
Co., “Primarily because of the 


softness of the alloys at ele- 
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New Jersey Zinc Cc 


Complete Olds dash is now die cast in zine by GM’s Brown-Lipe-Chapin 


Div. Rear vieu shows size, 


vated temperatures, their use is 
not ordinarily suggested for appli- 
cations where the castings would 
be continuously exposed at tem- 
peratures above 212 F.” For in- 
termittent exposures, of course, 
higher temperatures are feasible. 
A further indication of heat re- 
New Jersey Zine recom 
temper- 
baking 


sistance: 
maximum 
times for 


mends these 
atures and 
finishes on die castings: 
425 F, 1 hr at 375 F, 2 hr 
or 3 hr at 300 F 

Pont, “Data 


lead us to suggest an upper serv- 


organi 
6 hr at 
at 325 F, 


According to Du 


ice temperature (for acetal) of 
185 F for continuous use in air 
and 250 F for intermittent service 
of the type that would be experi- 
enced in an Even 
temperatures as high as 300 F 
can be tolerated for brief periods 
peak load 
not a regular occurrence... 

But acetal 


agree For 


automobile. 


conditions are 


” 


where 


producers do not 


example, Celanese 
states that “their new acetal copol 
ymer, Celcon, withstands a con 
tinuous use temperature of at 
least 220 F,” and that that figure 
may go higher with more experi 
ence 
Heat 


commonly 


distortion temperatures, 
used for comparative 
screening of plastics, cannot be 
used for comparison; no compa- 
rable test exists for evaluating 
metals 

As for retention of strength at 
elevated temperatures, at 200 F 
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complexity of shape and thinness of wall (0.075 in.). 


die cast zinc retains about 70‘ 
of its initial tensile strength, i.e 
it still has 28,000-35,000 psi ten- 
sile strength. At 200 F acetal re 
tains about 60% of its 10,000 psi 
room temperature tensile strength. 
Continued aging at 200 F ap- 
pears from the data available to 
have little further effect on either 
material (though aging tests, of 
course, have been much shorter 
for acetal because of its newness). 
After two years aging at 200 F in 
dry air, die cast zinc’s tensile 
strength at 200 F is still in the 
28,000-35,000 psi range, Data 
available show that after 40 weeks 
at 200 F, acetal’s tensile strength 
measured at room te mperature re- 


mains relatively unchanged a 


about 9000-10,000 psi 


Acetal OK for dashboards 


The most critical heat resistance 


requirement that materials must 


meet for use in auto interiors 
about 220 to 230 F for parts lo 
cated on the dash and subject to 
possible magnification of sunrays 
through the windshield. Painted 
interior parts also must usuall) 
pass through a 250 F paint oven 
In evaluating its Valiant instru- 
ment housings, Chrysler found 
that acetal met these temperature 
requirements satisfactorily. 

The radical difference between 
zine and acetal in thermal con 
ductivity can play an important 
part in heat resistance. Zinc is a 
acetal is a 


thermal conductor; 
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thermal insulator (784 vs 1.6 
Btu/hr/sq ft/°F/in., 
ly). Exposed to the same incident 
heat, zinc conducts the heat away 
from the surface rapidly, whereas 
acetal tends to concentrate heat 
at the surface. 

On the other hand, low thermal 
conductivity is an important fac 
tor contributing to the “warmth’”’ 
and pleasing feel of plastics as 
According to 


respective- 


opposed to metals. 
Ronson, this warmth was a defi- 
nite factor in selection of acetal 
to replace zinc in its shaver head 


Weight 


Nominal 
acetal and die cast zinc are 1.42 
and 6.65, respectively (0.05 and 
0.24 lb per cu in.). Thus, a pound 
of acetal contains almost 20 cu in. 
of material, while a pound of zinc 
contains almost 5 cu in, 

Since you need heavier sections 


specific gravities of 


of acetal to provide comparable 
strength, differences be 
tween parts may not be as great 


weight 


as would appear from these fig 
ures. However, most applications 
acetal has 
direct 
similar 


where replaced zinc 


have been replacements 


using volumes of 


material. 


very 


Light weight is important 


In many applications, weight 
reductions can provide direct or 
indirect benefits. Benefits in such 
Ronson’s_ electric 


obvious. In 


products as 
autos, 
horse- 


shaver are 
weight 
power requirements and car cost, 


reduction reduces 
and speeds assembly operations. 
No one to our knowledge has 
determined quantitatively the cost 
of weight in a car. But Artinian 
and Terry propose an approach by 
which the cumulative cost of each 
additional pound in various basic 
sections of a car can be deter- 
mined and predicted. Purpose of 
developing such a cost-weight re- 
lationship is to aid in initial de- 
cisions affecting redesign of 
systems and materials selection. 
An indication of the cost of 
weight (figures should be taken 
qualitatively, rather than quanti- 
tatively) can be obtained from 
data they present on a Plymouth 
car line. Total cost per car due 





to compounding effects of weight 
ranges from 8.8¢ per pound- 
change in the rear suspension 
system to 21.9¢ per pound-change 
in the weight of the clutch and 
flywheel, Cost per pound of 
weight change in the instrument 
panel is 10.1¢, and the same fig- 
ure applies to interior trim. 

Although these figures cannot 
be used directly, they do indicate 
why a decrease in weight from 
9.5 lb in zine to less than 2 lb 
in acetal for the Valiant housing 
is significant to Chrysler. And 
why a possible decrease from 14 
lb in zine to 2.8 lb in acetal for 
the Chevrolet instrument panel 
would be significant to General 
Motors (though acetal has not as 
yet been selected). 


. » » but so is heaviness 


On the other hand, minimum 
weight is not always desirable. 
Increased weight can be an im- 
portant reason for materials 
selection. 

In the Princess telephone, the 
governor weights which control 
the return speed of the dial are 
die cast in zine. The weight of 
the zinc is required and close con- 
trol of this weight is critical for 
proper governor operation. 

Lionel Corp. also uses metal 
wheels (powder metal) and die 
cast zine trucks on its two-track 
HO model trains because of the 
need for weight. Wheels are in- 
sulated by between 
metal wheels and trucks. A. C. 
Gilbert Co., in a switcher engine 
chassis for its HO railroad sets, 
has reverted from acetal to zinc 
for the wheels for the same reason 
plus greater realism in appear- 


acetal axles 


ance. 


Electrical properties 


Zine and acetal are electrical 
opposites, zinc being a conductor 
and acetal an insulator. Die cast 
zine’s electrical conductivity is 
26% of copper’s or 153,000-157,- 
000 mho-cm; resistivity is about 
6 X 10-* ohm-cm. Acetal’s resistiv- 
ity is greater than 4 X 10'* ohm- 
cm. 

For parts that must either con- 


duct or insulate, there is no 


choice. But parts that do not have 
any specific electrical performance 
requirement may present a choice. 
In parts such as appliance hous- 
ings, for example, insulators like 
acetal may accumulate static 
charges contributing to dust col- 
lection, yet on the other hand, 
may contribute to safety from en- 
closed electrical equipment. 

In many cases the specific de- 
sign of the component may make 
the conductive or nonconductive 
nature of the material an advan- 
tage or a liability. For example, 
the Valiant housing in acetal re- 
quires a metal strap to electrical- 
ly ground the instruments in the 
cluster. This was unnecessary in 
zinc. In this case the other bene- 
fits of acetal outweighed the dis- 
advantage of having to add an- 
other component. 

On the other hand, Packard 
Electric Div. of General Motors 
feels the nonconductive nature of 
plastics can be put to use to elimi- 
nate much of the “wiring mess” 
presently existing behind the 


The Ideal Approach— 


dashboard of the car. With front- 
mounting instruments, it can 
snap-fit electrical connectors into 
the back of the plastic dash, 
making the instrument panel es- 
sentially an_ electrical socket. 
Although present Chevrolet in- 
strument panels in zinc are front- 
mounting, electrical connections 
for instruments must be mechan- 
ically fastened from the rear and 
insulated from the conductive 
panel. 

Much work has been done in 
developing molded-in printed cir- 
cuits for instrument panels, e.g., 
Buick is now using them in an 
ABS plastic panel application de- 
veloped by AC Spark Plug. It 
seems safe to assume that entire 
dashboards will ultimately in- 
corporate all wiring in the form 
of printed circuits, virtually elim- 
inating back-of-the-dash wiring. 


Deterioration 


Because of its inorganic nature, 
zine 1s unaffected by exposure to 


Materials Complement One Another 


Gries Reproducer Corr 


Dial mechanism for Western Electric’s new Princess telephone uses both 
acetal and zine, each to meet specific requirements. The pawl, made of acetal 
(Delrin) had to be a dielectric, yet have, good creep resistance, stiffness, 


strength in thin sections, and good dimensional stability under variable humid- 


ity conditions. 


] 


The governor weights of zine provide the required weight, coupled with 
low cost. Other parts shown include cam (far left) and governor pinion (be- 


tween governor weights), 
(Nylatron). 


both molded in molybdenum disulfide-filled nylon 
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ultraviolet light. Acetal, like many 
other organic materials, is ad- 
versely affected; however, incor- 
porating carbon black filler or 
ultraviolet filters provides excel- 
lent protection for physical prop- 
erties. Surface hazing will still 
occur on prolonged exposure to 
ultraviolet. 

Chemical resistance of a mate- 
rial is so highly dependent on the 
conditions of service and exposure 
that it is always difficult to gen- 
eralize. But here, for what it is 
worth, is the gist of the state- 


ments made about zinc and acetal 


by their producers 

Zinc—Excellent 
both metropolitan and rural at- 
mospheric corrosion; also hot 
soapy water, printing inks, tri- 
tetra- 


resistance to 


chloroethylene, carbon 
chloride, dry illuminating gas and 
moisture and acid-free hydrocar- 
Fair to pure 
ethyl and methyl! alcohols, glyc- 
erine, water and petroleum prod- 
Poor resistance to steam, 
animal oils, 


bons. resistance 


ucts. 
spray insecticides, 
strong acids and bases, and mix; 
tures of glycerine or alcohol and 


water 


Acetal—Excellent resistance to 
most organic solvents, including 
aliphatic and aromatic hydrocar- 
bons. Not recommended for use 
with strong acids and alkalis; 
should be tested for use with 


dilute acids and weak alkalis. 
Engineers interviewed for this 
article could not make direct com- 
parisons in chemical stability be- 
tween zinc and acetal. In almost 
every case where acetal replaced 


zine, the die casting had been 
finished with a decorative plate 
provided 


which also, of course, 


durable protection. 


Acetal vs zinc: five troublesome factors to assess 


We have discussed performance 
length. But 
other, less clear-cut considerations 


at some there are 
that can be just as important 

or even more important—in de- 
termining the final choice. Psy- 
chological effects, materials and 
finishing costs, and other manu- 
facturing costs depend almost 
entirely on the specific require- 
ments of the part. Some costs, in 
fact, 
pending on whether the part is 


seem to vary widely de- 
produced by a custom or captive 
shop. We cannot draw definitive 
conclusions here, but we will give 
you the consensus of the engi- 
neers we talked to who have eval- 
uated both acetal and zinc. 


Psychological effects 


Unfortunately, at this late stage 
of the game, we must still make 
brief mention of the possible ad- 
effect 
product made of plastics. Though 
acceptance of plastics has grown 
substantially, prejudice can still 


verse psychological of a 


be a factor. 

Walker Mfg. Co., of Racine, for 
example, is presently designing an 
industrial machine lubricator. It is 
using a die cast meter body, but 
feels from previous 
that acetal could provide compa- 
rable performance at lower cost 


experience 


Previous surveys of the heavy ma- 


chine industry, however, have 
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found considerable resistance to 
anything that does not maintain 
the heavy, rugged, appearance of 
the machine. Consequently, Walk- 
er feels that acceptance of the 
lubricator would be jeopardized by 
the more fragile appearance of the 
plastic meter. This kind of think- 
ing irks a product design engi- 
neer, Walker says, but the atti- 
tude is there and must be reck- 
oned with. 


Materials costs 


The usually 
cost comparison between zinc and 
acetal is 14.25¢ per Ib (3.39¢ per 
cu in.) for zinc vs 65¢ per lb 
(3.34¢ per cu in.) for acetal. But 
remember that the acetal price is 
for natural color material. Ma- 
terial in standard colors is priced 
at 74¢ per lb (3.8¢ per cu in.); 
material in standard colors which 
are ultraviolet stabilized are 78¢ 
per lb (4.0¢ per cu in.). 


quoted materials 


Of course, if a part is to be 
molded in colored acetal, the same 
part in zinc would require decora- 
tive finishing. Also, if color re- 
quirements are not critical, acetal 
can in some cases be colored by 
dry blending in the molding plant, 
at a virtually negligible increase 
in cost for color. 

The effect of reprocessability of 
materials is difficult to determine 
from end-users, All zine scrap can, 
of course, be repeatedly remelted 
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Acetal can be reprocessed, accord- 
ing to producers, “as many as four 
times” without significant change 
in physical properties. But since 
quotations by molders or die cast- 
ers are based on a per-part cost, 
which includes any scrap costs, 
reprocessability does not appear 
to be an important factor to con- 
sider separately. 


Finishing and decoration 


Elimination or substantial re- 
duction of the finishing and 
machining required after die cast- 
ing has been an important factor 
in selecting acetal in a number of 
cases. One manufacturer says that 
his zinc parts used to cost 6-7¢ 
per casting plus about 45¢ worth 
of deburring, machining and 
plating. Post-plating inspection in 
some cases resulted in rejection 
of the entire 51¢ part. In acetal, 
the only postmolding operation is 
clipping the sprues; cost of the 
final part in acetal is 6-7¢. 

Most zine die castings have 
flash. Flash removal costs can be 
minimized by trim dies, but trim 
dies still constitute a secondary 
operation. There may be a sub- 
stantial difference in the amount 
of finishing required between 
parts die cast or molded in a cus- 
tom shop and in a captive shop. 
A captive operation sometimes 
permits the production people to 
work much more closely with the 


designers to produce the part 





closer to the final desired con- 
dition. 

Should mold wear or improper 
mold design result in flash on an 
acetal molding, the inherent re- 
silience of the material makes 
flash removal more difficult than 
in zinc. However none of the en- 
gineers interviewed cited flash re- 
moval as a requirement on any 
acetal part. 

When die cast in zinc, the Ford 
Econoline truck door handles and 
window regulators required trim- 
ming and a preplating operation, 
followed by chromium plating. 
Also, serrations in the grip area 
had to be cleaned out. Molded in 
acetal, the handles and regulators 
require no finishing after molding 
other than clipping sprues. 

Chrysler is 
acetal for the push-button of a 
latch. The 
uses a zinc die casting which must 
be trimmed, deburred and plated; 
a pin is then staked inside and a 
nylon sleeve fitted over one end. 


planning to use 


door present design 


In acetal the design has been al- 
tered to eliminate the pin and 
nylon sleeve, and the part can be 
used directly from the mold after 
sprue removal. 

On the other hand, according to 


Chrysler, one of the most im- 
portant benefits of zinc for non- 
structural applications is that it 
can be plated to give a bright, 
durable finish. Although acetal can 
be metallized, first surface coat- 
ings (i.e., on the exposed surface) 
are not suitable for wear or ex- 
terior use. If a more durable first 
surface metallized coating were 
developed, ‘“‘many plated zinc parts 
for exterior auto trim might be 
seriously re-evaluated.” 

Molded-in colors vs painting 
An inherent benefit of plastics is 
colorability. Unfortunately, pro- 
duction scheduling problems are 
presently limiting the full use of 
colored acetal in automobiles. 

For example, Chrysler’s Valiant 
instrument housing is molded in 
natural color and then painted. 
From the scheduling standpoint it 
is less costly to paint the housing 
in the same production line as the 
rest of the dash, than to try to 
produce colored housings separate- 
ly in the same proportion of colors 
as that used for production in- 
teriors. The problem would be 
further complicated should inter- 
ior colors be changed to suit de- 
mand during a model year. 


Another important consider- 
ation is color match. Color match- 
ing is a highly difficult art in 
itself. Matching molded-in colors 
with the enamel colors of a paint- 
ed metal dash is extremely diffi- 
cult. 

Packard Electric is currently 
evaluating acetal, along with sev- 
eral other plastics, for the Chev- 
rolet instrument panel. They feel 
that the scheduling and color 
match problems might be avoided 
by using only a limited number 
of colors in the cluster, each of 
which would complement rather 
than match several of its standard 
dash colors. Another possibility, 
if direct matching was required, 
would be to provide a “break” 
line between the cluster and the 
rest of the dash. 

One cost consideration that 
argues for molded-in color, pro- 
vided scheduling problems could 
be avoided, is the fact that a spe- 
cial primer must be applied to 
acetal to secure good adhesion of 
the final finish. At present, Val- 
iant housings are primed in the 
molder’s plant and delivered to 
Chrysler ready for final painting 
on the production line. 








The Valiant housing— 


Cost is the question 


Valiant instrument housing. 





Despite all careful evaluation, sometimes both 
performance and cost come down to the line at 
a standoff. Such is the case in the well-publicized 


Dimensional change due to environment. To 


determine, 


subtract percentage increase in length 


ndicated by initial environment from percentage 


All of Valiant’s 1961 housings are in acetal; 


performance has been proven. But costs are not 
so clear. According to Chrysler, present plans 
call for the 1962 Valiant housing in acetal—the 


1962 Lancer housing (essentially the same hous- 
ing) in die cast zinc. Chrysler feels that for this 
application acetal and zinc are comparable per- 
formers, though the acetal is lighter. By plan- 
ning production of one housing in acetal, the 
other in zinc they can get a direct—and more 


exact—cost comparison. 


Content, % 


Woter 


Such a decision gives Chrysler added flexibil- 


ity. Should cost of materials, 


processing or 


finishing alter during the model year, they could 


simply shift production to the less expensive 


material. 


nerease in length indicated by new environment. 


% Increase in 
Length 





120 160 


Environment Temperature, F 
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Hot stamping on acetal to pro- 
duce decorative effects ran into 
difficulties at 
report. But 
with leaf manufacturers has ap- 
parently led to satisfactory stamp- 


first, several users 


development work 


ing. 

One appearance problem that 
acetal does have is a tendency to 
produce “sink marks” where rad- 
ical changes in section thickness 
occur. These marks are caused by 
the relatively high shrinkage of 
the materials 


(discussed below). 


In some cases you can avoid 


shrinks marks by modifying the 


design. 


Tolerances, dimensional stability 

Where 
critical, you must generally con- 
sider three factors: 1 
die shrinkage, 2) effects of aging, 


precise dimensions are 


mold or 


and 3) thermal expansion. 

In all three areas, zinc experi- 
dimensional change 
Zinc 
generally recognized die shrinkage 
of 0.004 in. per in. On aging, cer- 
tain zine alloys experience first a 


ences less 


than acetal. alloys have a 


shrinkage, then an 


Both are very small 


expansion. 
For example, 
typical die 


after casting, two 


casting alloys experience maxi- 
mum shrinkage (on air cooling 
Maxi 


following this 


of 0.0007-0.0009 in. per in 
mum expansion 
shrinkage (under the most ex- 
treme conditions of two years in 
dry air at 200 F 


in. per in. So the maximum net 


is 0.0002-0.0011 


change in dimensions from the 


original $size 1s 0.0005 to 
0.0002 in. per in 

In acetal, mold shrinkage is 
about 0.020—0.025 in. per in. The 
effects of 
changes caused by 
sorption. Both shrinkage and di 
mensional change on moisture ab- 
sorption are mentioned quite 
because of the effect 
they have on 


primary aging are 


moisture ab 


frequently 
dimensionals. For 
example, the graph on p 111 


shows, in going frem the as- 
molded dry state to an equilibrium 
value of 0.22% at 77 F and 50% 
RH, an molding will in- 


crease in size by 0.001 in. per in 


acetal 


In considering dimensional ac- 
curacy, keep in mind that acetal 
has a much higher coefficient of 
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thermal expansion than zinc, i.e., 
5.5 X 10-5 vs 1.52 x 10° per °F. 

Another dimensional factor that 
may have to be considered with 
with other thermo- 
further dimensional 
change or shrinkage with aging 
due to stress relaxation. This can 


acetal, as 
plastics, is 


be particularly pronounced at ele- 
vated temperatures. Such shrink- 
age can be minimized either by 
annealing or by molding in a hot 
mold. Magnitude of such shrink- 
age ranges from a low of 0.0005 
to a high of 0.004 in. per in., de- 
pending on molding conditions and 
environmental temperatures. Al- 
though much as been made of the 
occasional need for annealing by 
acetal’s none of the 
parts discussed in this article re- 
quired annealing. 

The tolerance 
usual commercial practice in zine 
die castings is +0.0025 in. for 
dimensions under 1 in., 0.001 in. 


detractors, 


obtainable by 


per in. for larger dimensions. In 
commercial molding tol- 
+0.003 in. for dimen- 
+0.002 in 


acetal 
erances are 
sions up to one inch, 
per in. for subsequent inches. Fig 
ures for both zinc and acetal are 
generalizations; closer tolerances 
can be held: 

One factor that you should bear 
in mind: In many cases, as men 
plastics 
such as acetal do not require the 


tioned before, resilient 
degree of accuracy that a more 
zine re 
required 
the plastic will 


material such as 
quires. Where fits are 
with other parts, 


rigid 


“give” to some degree, permitting 
a fit unobtainable without modifi- 
cation in zinc. In many cases this 
factor has practical importance. 
One of the most important con 
sequences of the relatively high 
shrinkage exhibited by acetal has 
been the need for cut-and-try die 
development work to ascertain 
precise shrinkage allowances for 
a given part. The amount of such 
development work has been sub- 
stantially reduced with experience 
A. C. Gilbert, for example, says 
it can now design a mold “from 
scratch” to hold molded tolerances 
within +0.002 in. per in. For 
closer tolerances, e.g., 0.001 in 
per in., 
mold. 


it must gage the specific 
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Tooling and production 


Direct comparisons of mold vs 
die costs are unavailable. Most 
engineers believe die casting and 
injection molding are pretty much 
a standoff on tooling costs. Even 
though molds are gen- 
erally less costly to maintain, mold 
development costs may easily off- 
set any advantage. 

Rate of production 
with zinc and acetal depends pri- 
marily on size of the _ part. 
According to Brown, average 
production rate for small zinc die 
casting is 7 shots per min. Such a 
production rate cannot generally 


plastics 


possible 


be obtained in injection molding 
acetal. The highest production 
rate in acetal mentioned by those 
interviewed for this article was 
fer a thin-section part made by 
A. C. Gilbert: 5 shots per min ina 
6-cavity mold. On larger parts 


cycles extend up to a minute each. 


In plastics, lower thermal conduc- 
tivity makes time more 
dependent on thickness 
than in metal. 

From the practical standpoint, 
no one interviewed felt that rela- 
tive production speed was of such 
importance to their application as 
to affect materials selection. 


cycle 
section 
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Styling with Wire 


@ Formed wire and wire-strip assemblies are being used in a 
variety of applications which take advantage of the structural 
and forming properties and the clean, functional appearance of 
steel and other wire. 

One of wire’s chief decorative advantages is the ease with 
which it can be finished. After a part is formed it can be plated 
with a wide variety of metals. In addition, many types of pre- 
coatings are both decorative and durable and do not require fur- 
ther finishing after the part is formed and assembled. The prod- 
ucts are made by E. H. Titchener & Co., Binghamton, N. Y. 


1 Stainless steel wire 
guards and grills of this 
marine stove are electro- 
polished to contrast with 
the stove body. 2 Welded 
wire shelves of this library 
book cart are zine plated, 
then vinyl coated and 
baked for a durable and 
attractive finish. 3 Swivel 
base for a clock radio is a 
welded wire and strip as- 
sembly. The brass plating 
1s prote cted by lacque Y, 
and pressed-on plastics 
feet prevent scratching. 4 
Wire, strip are welded to 
form this radio speaker 
grill. The grills are col- 
ored with chromate treated 
zinc plating to match the 
cabinet colors. Baked clear 
lacque r protects the finish. 
5 Snap-on decorative strip 
for a television set cabinet 
is brass plated and lac- 
quered. It can be quickly 
installed on the assembly 


line. 
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Exhaust stack—This Douglas fir stack is 6 ft in dia by 32 ft long. 


For low cost, long life... 


Try Wood for Corrosion 


by A. P. Pfeil, President & General Manager, 


@ Amid the glamor of the newer 


structural plastics and coating 
materials, wood is often 
looked. But the inherent chemical 
resistance of certain woods when 


properly used can provide econom- 


over- 


ical long-life components for 
chemical tanks, ducts, 
stacks, pipe and structures. 
Briefly, the most important 
benefits of wood are: 
1. Low cost—Wood 
are low in initial cost, and provide 
minimum of 


resistant 


structures 
long life with a 
maintenance. 

Wood tanks 


and equipment are easy to trans 


2. Transportable 


port to possibly remote areas. A 
knocked-down wooden structure is 
only as large as its largest piece 
of lumber. 

3. Ease of Wooden 


structures are erected and assem 


assembly 
bled mechanically (usually held 
together with metal hoops, bolts 
and tie rods), requiring no bulky 
specialized fabrication or process 
ing equipment. Mechanical assem 
disassembly 


bly permits simple 


and reassembly in a new location 


114 *« MATERIALS IN 


DESIGN 


4. Low thermal conductivity 
Wood’s low thermal conductivity 
helps maintain constant tempera- 
ture, both of the contents of the 
structure and of the surrounding 
area. 

The two most important limita 
tions of wood are: 1) possible 
difficulty in obtaining 
cally the proper type and grade of 
lumber for a particular job, and 
2) the fact that wood is a natural 
product; although you can usually 
well, you 


economi 


predict performance 
must allow for the peculiarities of 
nature 

Woods differ 


specialists in 


radically. Only 
wood construction 
should select the proper species 
and grade and design the struc 
ture. The purpose of this article 
is to acquaint engineers and de- 
signers with the basic types of 
wood used for chemical resistant 
structures and give some indica- 
tion of the performance that can 


be expected 


Four types usually used 


Four types of woods are most 


ENGINEERING 


Arrow Tank Co., Ine. 


commonly used for chemical re- 
sistant structures: Tidewater red 
yellow pine, 
yellow 


cypress, long leaf 
California redwood, and 
Douglas fir. All are available 
commercially at reasonable cost in 
various grades. 

Resistance of these woods to 
reagents both at room 
temperatures is 


various 
and elevated 
shown in the accompanying table. 
The four conditions shown in bold 
type (NAC, SS, SB and GC) are 
those which have been arbitrarily 
selected as indicating little or no 
degradation of the wood. 


Formula for acid resistance 

Where results of actual experi- 
ence are unavailable, acid resist 
ance of a given wood can be eval- 
uated by its composition. The fac- 
tors that confer acid and decay 
resistance to woods are high cel- 
lulose and lignin contents, and low 
pentosan content. Consequently, 
the following formula can be 
used to determine acid resistance: 
Cellulose content plus lignin con- 
tent minus pentosan content. 





The higher the resultant figure 
the greater the acid resistance. 


How woods are graded 

Heartwood is the type usually 
most desirable for chemical re- 
sistant structures. Heartwood is 
that central portion of the tree 
which has become inert as the 
tree grows and the sapwood forms 
on the outer periphery of the 
trunk. The proportion of heart- 
wood in the lumber is one of the 
primary bases for the grading of 
wood. Grades have been estab- 
lished within each species by the 
various organizations listed at the 
end of this article 


In timbers of the size normally 
used for building chemical struc- 
tures, the top grade in cypress, 
redwood and Douglas fir is called 
Tank Grade; in yellow pine it is 
called Genoa Prime. These grades 
are specified to be either free from 
or nearly free from sapwood and 
other defects. 

The next grade is generally 
called FAS Grade in cypress, Aye 
Grade in redwood, B&Btr Grade 
in Douglas fir, and Heart Mer- 
chantable Grade in yellow pine. 
This second grade is generally the 
same as the first grade except that 
it includes a larger precentage of 
sapwood. Both grades can be read- 


Resistance 


CHEMICAL RESISTANCE OF WOODS: 


ily used if the builder makes 
sure that the sapwood is limited. 

Lower grades are called “com- 
mon grades,” and when used for 
chemical structures are purchased 
with a specification that they con- 
tain at least 85% heartwood. 

The term “Select Grade” is 
often misleading. It merely de- 
notes the third or fourth grade of 
a species. 


Types of cypress 

In addition to tidewater red cy- 
press which is the most resistant 
to chemicals and decay, other 
types of cypress can be used and 
are often confused with tidewater 
red. All types are called American 
bald cypress. Red cypress and 
deep swamp gulf cypress are clas- 
sified as coast type. 

All red cypress trees 
grow in swamps. They are slow 
growing, with high ring density 


usually 





Type of Wood =» Cypress 


Exposure Condn® =» 


Cold Hot 


Redwood 


Cold 


Yellow Pine 


Hot 





ACIDS 
Hydrochloric 
5% NAC 
10% NAC FSD 
50% S, WF 
Sulfuric 
1% SS, SB 
4%, 3 
5% SS, SB 
10% S, FSD 
25% SSp, FSD 


B, FD 


OTHER REAGENTS 
Caustic Soda 
5% SSp, FSD | SSp 
10% S, SB, FSD} 
Alum (13%) NAC 
Sodium Carbonate (10%) | $B, GC 
Calcium Chloride (25%). .| NAC 
Sodium Chloride (25%) NAC 
Sodium Sulfide FSD 
Water NAC 


NAC 





NAC 


| FD, Ch, B, S, NG 


SB, GC 
$B, FSD 


$B, GC 
$B, GC 
$B, GC 


Ss SS 
SS FSD SS 
FD, Ch, B, S, NG 


NAC SS 
SB, GC 

$B, GC SS 
SB, FSD S, FSD 


SS, SB 
S, FSD 
SSp, FSD 


SSp, FSD $S, FSD 

SS, SB, FSD 

NAC SB, GC 

$B, GC GC 
NAC 


SB, GC 


S, GC 


NAC 
$B, GC 
NAC 
SS, GC 
SB 


NAC NAC 


SSp, FSD 


$S, SB, FSD 


NAC — 
FSD NAC $B, S 
FD, Ch, B, S,"NG | SWF FD, Ch, B, S, NG 


- NAC - 
$B, GC SB, GC 
$B, GC Ss | $$, GC 
B, Sp, FD,NG |S,SFD | $$,6C 


— SSp, FSD _ 


GC S,NAC SS 

S, FSD - 
SB, GC NAC SB, GC 
GC SB, GC SB, GC 
$B, GC NAC | $B, GC 
SB, GC NAC NAC 
SS, SB 
NAC 


SB, GC NAC 





*Results indicating little or no degradation of wood are bold-faced, thus providing a general guide to wood selection for various exposures. Specimens 


were examined after seven days drying following total immersion under conditions given. Tests conducted on 1 x 4 


1,-in. specimens, seasoned and 


chosen so as to be as similar as possible to condition of woods when used for equipment construction. 


*Cold condition: 31 days immersion at room temperature. Hot condition: 8 hr boiling 


Key: B—Brittle 
Ch—Charred 
FD—Fiber disintegrated 
FSD—Fiber slightly disintegrated 


Source: Extracted from report by J. K. Stewart, 


consulting chemist to Mountair 


GC—Good Condition S—Softer 
NAC—No apparent SB 

change Sp 
NG No good SS 


Copper Co., 


Slightly brittle 
Spongy 
Slightly softer WF 


SSp—Slightly spongy 
SWF—Slightly weakened 
fiber 

Weakened fiber 


Martinez, Calif 
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structure is far less They 
ittle, if the 


oil that makes cypress 


either tidewater 


swamp cypress are 
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| dense 
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decay resistant 


Types of yellow pine 


Although 
pine exist 


many types of yellow 


the two types most 


commonly used in chemical re 


tructures are souther: 


sistant 


and short leaf varieties 


and genera 
vellow pine 
ot cypress 
leaf yellov 


pinosylvil 


and its cells c¢ 


Because its cell structure 
short leat low pine c: 
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Quenching strengthens 
copper-babbitt bonds 


Radar lens made from 


foam-in-place epoxy 


Investment cast bracket 
for jet landing gear 


Ultrasonic transducer 


is coated ceramic 


available in 


Vent stack 


leat sellou stack in 


ong 
Vow i 


tj ream 


pile ent 


service for over two wears. &s 


acetic acid, sulfurous ar 


ariety of materials to meet spe 


W oc rd 


preservatives of the creosote type 


cific end-use requirements 


ire somewhat similar to tannins 


and phenolic extractives of wood 
which are usually drawn from the 
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he- 
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watel ( onsequently creosote 
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water 


yins to when exposed 
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Relatively intricate configurations possible are tndicated by this 


a paper mill shown prior to installation. 
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Defects: acceptable or not? 


Wood 


sistant 


used for chemical 
equipment 


tight cellular structure to prevent 


re- 
should have a 
chemicals and fumes from enter- 
ing the wood easily. All wood is 
but 
penetration, the 
last. Sap- 
feed 
early 


hy groscopic to degree, 
the the 


longer 


some 
less 
will 


the plece 


wood, because it is used to 


the tree in spring and 


summer, is_ relatively porous. 
Consequently, sapwood is usually 
considered to be inferior to heart- 
White maple is the excep- 


wood 


lo! to this rule: here, pieces 
that might be termed all sapwood 
command the highest 

Virtually all 


limbs 


premium 
knots 


Occur- 


wood has 
grown 


“defects” 


wnere have 


rence of such 


may 
weaken the wood or make it more 
permeable to chemicals and gases. 


Usefulness depends on the type 
of knot 
A knot 


ght Val 


sound red or 


lety is caused by a 


which is alive and grow 
the the 
knots have little or 


and the 


branch 


ng at time tree 1S cut 


Such no detri- 


mental effect wood is still 
either liq- 
that 
unsound certainly 
and the should 


used unless the knot is 


isable in contact with 


lids or Knots are 
black or 


detrimental 


yases 
are 
piece 


cut 





New Directions 
in Materials Testing 


Until a material’s properties and performance can be accurately 
evaluated and measured, it is of little value as an engineering mate- 
rial. There can be no doubt, therefore, that progress in the develop- 
ment and application of materials is directly dependent upon testing. 

How well, then, is materials testing keeping pace with our mate- 
rials technology? Most technical men will agree that testing is not 
keeping pace and that, in fact, a serious testing gap now exists. 
They generally agree that the new and severe service conditions mate- 
rials must meet, the fantastic environments in which they must oper- 
ate, and the demands of ever greater reliability have far outstripped 
our testing know-how and capabilities. There is hardly a product or 
service area that is not in need of better tests, better testing equip- 
ment, better measuring devices, and better data evaluation procedures. 

Consequently, today a sense of urgency pervades the materials 
testing field. There is a growing awareness that we must rigorously 
reappraise the entire testing structure—down to its very foundations 
—and that we need new and more sophisticated approaches to solve 
the testing problems of our modern materials technology. 

This Special Report, then, is concerned with this testing gap. 
It addresses itself to these two broad questions: What are the major 
testing problems of today and of the near future? What are the hope- 
ful trends, if any, leading toward their solution? To answer these 
questions the authors critically examine such matters as the new 
demands on testing, the needs for better apparatus, the contributions 
electronics and the “new” mathematics are making, and the problems 
of correlating test results with actual service performance, 

M/DE Special Report No. 184—June, 1961 
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Strength, stiffness, 
ductility, toughness... 


by M. SPEWOCK 

Manager, Performance Laboratories, 
Central Laboratories, 

Westinghouse Electric Corp. 


On the whole, users of engi- 
neering materials use the 
results of mechanical tests 
more than any other per- 
formance tests. Now and in 
the years ahead we will be 
faced with new loading 
and environmental condi- 
tions that must be simu- 
lated in the laboratory and 
will lead to new and more 
sophisticated equipment 
and procedures. But the 
fundamental problem will 
continue to be the need to 
know more about the true 
relationship between test 
values and the probable 
behavior under actual serv- 
ice conditions. 


@ Simply stated, the goal of 
mechanical] testing is to provide 
enough information to permit 
us to predict mechanical be- 
havior in service. The single, 
real problem in mechanical 
testing can also be simply 
stated: developing information 
that can be translated into the 
actual performance of the ma- 
terial in a structure. 

Far from remaining station- 


ary, the mechanical testing 
field is forging ahead with 
aggressive and fruitful re- 
search and development pro- 
grams to make the task of the 
engineer easier. Every avail- 
able tool—from simple, un- 
sophisticated test apparatus to 
complex, electronically con- 
trolled systems—is being used 
to develop useful information. 

Although many gaps exist 
today in our ability to test for 
specific properties or in spe- 
cialized environments, new 
techniques are being developed 
to narrow these gaps. Already 
on the horizon, for example, 
are ultrasonic measuring tech- 
niques that will permit us to 
measure properties such as 
yield strength and modulus of 
elasticity without destroying 
the specimen. Once such tech- 
niques have been fully devel- 
oped, we will be able to make 
measurements on a full-scale 
structure, not just on repre- 
sentative pieces of the struc- 
ture. This is only one of several 
promising developments that 
will be discussed later in this 
article. 


Perfect answers expensive 


The surest approach in me- 
chanical testing is to test a 
model that simulates service 
conditions. This is often done 
with results that are meaning- 
ful—not in terms of material 
properties but rather in terms 
of how a part reacts under 
service loads. Though it is more 
meaningful to know how mate- 


rial performs in a structure, 
clearly this approach entails an 
impossible amount of testing. 
To achieve the goal of mechani- 
cal testing at a reasonable cost, 
therefore, we measure separate 
properties on standard speci- 
mens under selected test con- 
ditions which correspond to a 
broad range of service condi- 
tions. Such tests measure hard- 
ness, yield strength, impact re- 
sistance, etc. 

Steady progress has been 
made in developing test ap- 
paratus and techniques to meet 
growing engineering demands. 
There are, however, two broad 
deficiencies in mechanicai test- 
ing today: 

> Lack of equipment to pro- 
vide some of the necessary. test 
conditions, as well as the tools 
to adequately measure these 
conditions. 

> Lack of proper correlation 
between laboratory data and 
actual service conditions. 


Data too specific 

Because of these deficiencies, 
materials engineers and de- 
signers can. use individual 
properties only as guides to 
predict service performance. 
They must examine data in the 
light of experience and judg- 
ment to determine how the ma- 
terial will perform in an in- 
tended application. 

A two-fold problem generally 
applies to materials design 

: we lack data of 

sufficient breadth and depth for 
the newer materials and en- 
vironments; and we lack the 
analytical tools to utilize exist- 
ing information efficiently. 

In this situation, one fact 
stands out: information sup- 
plied when the need arises in 
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connection with a new problem 
has little value beyond that 
problem. We do not have 
proper analytical methods to 
apply the information to other 
situations. There is barely 
enough time and money to do 
the testing needed immediately 
let alone that needed to obtain 
information having broad ap- 
plication. 

A good example of the 
wealth of information being de- 
veloped for specific situations 
is the data on the effects of 
stress raisers in a multitude of 
different situations. In spite of 
the large mass of available 
data, however, you are very 
unlikely to find information 
that approximates your own 
problem closely enough to be 
useful. Clearly then we must 
find general relationships that 
agree with existing data. These 
relationships, in turn, will lead 
to the development of analyti- 
cal methods that will allow us 
to make more general use of 
test information. 


The need for judgment 


The engineer’s problem does 
not end when a true measure 
of a material property is ob- 
tained on a laboratory test 
specimen. It is unlikely that a 
material will exhibit that same 
value when it is applied in a 
structure. Some of the impor- 
tant factors contributing to the 
inequality are differences in 
size, geometry and surface 
preparation. Or it may be that 
the structural part does not 
use the property in the same 
way it was measured in the 
test specimen, or that the na- 
ture of other requirements im- 
posed in service make that 
property less important in de- 


termining suitability of a ma- 
terial. Engineering judgment 
is needed to pull together all of 
the data and characteristics 
that determine the chances for 
a material to perform success- 
fully. 

The following properties, for 
example, are commonly meas- 
ured; note the problems that 
arise in making use of the test 
data: 

Toughness—Many materials 
can be compared on their abil- 
ity to resist impact loads—a 
measure of toughness. We can 
use the numbers obtained in a 
test program as a materials se- 
lection guide. But we cannot in 
any way use them to quanti- 
tatively predict the impact 
strength of different-size speci- 
mens. The principal problem is 
not the inability to control 
metallurgical structure, or ma- 
chining and processing varia- 
bles, but the fact that impact 
strength is highly dependent on 
such factors as size, geometry 
and orientation—effects that 
are not well understood at this 
time. 

Damping capacity — The 
problems in applying damping 
capacity data are somewhat 
similar to those encountered in 
using toughness data. But here, 
size and geometry differences 
between test specimen and 
structural member are only in- 
directly involved. The main 
reason that we can make only 
qualitative use of damping ca- 
pacity data is that damping ca- 
pacity varies with internal 
stress. Direct application of the 
data would require precise 
knowledge about the levels, 
gradients and directions of 
stress expected in the struc- 
tural part. 


sible; laboratory tests still do 
not accurately simulate serv- 
ice conditions. A steam tur- 
bine may have an intended life 
of 30 years and its designer 
would like to know how mate- 
rials will behave over this long 
period. Since he cannot wait 30 
years for the information to be 
developed, he may base his de- 
cisions on tests run for periods 
as short as several months. An 
additional complication: his 
judgments are based on test 
results obtained at constant 
temperature and load, whereas 
materials in the turbine usually 
experience unpredictable tem- 
perature cycling during serv- 
ice. 

Fatigue—Many variables, all 
difficult to control, affect fa- 
tigue strength. Even though 
fatigue strength can be ac- 
curately established in the la- 
boratory, nicks, scratches and 
discontinuities designed into 
the part, as well as the chance 
effects of fabricating processes 
on surface hardness, will op- 
erate singly and in combination 
to reduce the chance of accu- 
rately predicting service life. 


Equipment and 
techniques: the four 


major problems 


Since testing first began, we 
have had to face two questions: 
Is the number a true measure 
of the property? Is the number 
valid when the material is used 
in a structure? And if not, how 
should the number be adjusted? 
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New technology, especially 
that of space machines, has 
added new mechanical test 
problems to unsolved old ones. 
Barely able to keep abreast of 
demands to measure conven- 
tional properties with increas- 
ing accuracy and under more 
stringent conditions, we are 
faced now with questions re- 
garding the effects of micro- 
second loading, high and rapid- 
ly changing temperature gradi- 
ents, and airborne sound. We 
must not only devise and build 
test apparatus to provide the 
right test conditions; we must 
aiso answer those old questions 
about the intrinsic meaning of 
the test results and how they 
may be confounded by testing 
machine characteristics, speci- 
men preparation and geometry, 
and testing technique. 


1. Today’s test conditions 


Loading rate— Very high 
speed loading, formerly char- 
acteristic of a few specialized 


applications, is becoming a 
familiar service condition. In 
missiles and rockets and in 
many non-Sspace machines, 
structural parts are loaded 
within milliseconds. A _ valid 
appraisal of materials for these 
applications requires test ap- 
paratus capable of applying 
controlled high speed loads. 
Even more demanding are the 
test conditions required to 
simulate impulse loads such as 
those present in structures de- 
signed to withstand explosive 
forces and impact loads. 
Section size—Testing large 
cross sections, massive com- 
ponents and even full size 
structures is often necessary to 
evaluate properties of mate- 
rials in specimens whose size 


and configuration approximate 
those of structural parts, or to 
assure reliability of machines. 
To reach these objectives we 
need machines having capaci- 
ties in the million pound range, 
together with large clear test 
space. The obvious problem 
here is heavy capital outlay. 

Environment—Structures or 
materials must be evaluated in 
environments that match serv- 
ice conditions if data are to 
be meaningful and reliable. 
This means that tests must be 
carried out under various com- 
binations of shock, vibration, 
irradiation, extremely high 
temperatures, corrosive atmos- 
pheres and high humidity, to 
name just a few. Often it is the 
need to eliminate confounding 
variables, and not the service 
environment itself, that dic- 
tates the test environment. The 
most common example is the 
need to test refractory metals 
such as tungsten and molyb- 
denum in vacuum or inert at- 
mospheres to prevent degrada- 
tion of material properties by 
oxidation. Because mechanical 
properties of most nonmetals 
are sensitive to moisture con- 
tent and fairly small deviations 
in temperature, evaluation and 
comparison of them is valid 
only if tests are made under 
fixed temperature and humidity 
conditions. 

Establishing and closely con- 
trolling certain environments 
can be very difficult; creating 
temperatures of 4000 F and 
higher in a test chamber, for 
example, is not a simple task. 
Once the temperature capabil- 
ity is developed, however, other 
factors must be considered. We 
must maintain a uniform and 
closely controlled temperature 


in the test zone, apply loads 
accurately, and measure speci- 
men displacements accurately. 
The difficulty in maintaining 
an artificial environment and 
the expenditure in time and 
money increase disproportion- 
ately as we increase the size of 
the test chamber needed, tight- 
en the control limits, and en- 
large the extent by which the 
environment differs from am- 
bient, 

Testing of nuclear products 
superimposes the complex 
problem of performing various 
manipulations and making ob- 
servations without exposing 
personnel to radiation hazards. 


2. Measuring falis short 


Providing apparatus to ade- 
quately meet the required test 
conditions is only one facet of 
our problem. The ultimate in 
environmental and loading 
equipment is of no use unless 
the tools are available to ac- 
curately measure mechanical 
and physical quantities. To 
meaningfully evaluate mechan- 
ical properties we must have 
accurate repetitive measure- 
ment of force, displacement, 
strain, temperature and other 
environmental variables. De- 
ficiencies exist in all these 
areas. Most serious among 
them are the accurate measure- 
ment of temperatures above 
about 3000 F and the measure- 
ment of strains and displace- 
ment at constant temperature 
above about 1000 F. Measuring 
strain under transient heating 
is another problem. The data 
are extremely useful in many 
test applications but are very 
difficult to obtain at any tem- 
perature. 

Better coatings are needed to 
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make refractory alloy grips and 
fixtures reasonably useful for 
long periods of time at high 
temperature. The need here is 
critical because only the refrac- 
tory alloys retain their strength 
at the high testing tempera- 
tures; their cost is high, and 
oxidation problems are serious- 
ly hampering efforts to obtain 
test data on materials at high 
temperatures. 


3. Some properties elusive 


Some mechanical properties 
of materials are difficult to as- 
sess not because of limitations 
in testing equipment, but be- 
cause the properties themselves 
are elusive or indefinite or be- 
cause they are extremely sen- 
sitive to variations in specimen 
preparation and testing tech- 
niques. Examples are fatigue 
strength, brittleness, resistance 
to crack propagation, and re- 
sistance to impact. 

We can control the environ- 
mental conditions in a labora- 
tory fatigue test with consider- 
able accuracy and precisely de- 
termine the number of load re- 
versals required to cause fail- 
ure. Unfortunately this number 
represents only the fatigue 
strength of a given specimen. 
The reason for this is that we 
do not understand all the vari- 
ables determining fatigue 
strength, and not all those we 
do understand can we precisely 
control. For example, the hard- 
ness and smoothness of the 
surface determine, to a large 
extent, a specimen’s fatigue 
strength. Also important are 
the nature, type and distribu- 
tion of imperfections, such as 
inclusions and voids. Strict ad- 
herence to the best metallurgi- 
cal, machining and polishing 


New Directions in Materials Testing 


es” 


a 
Oa) 





techniques cannot produce spe- 
cimens identical with respect to 
these variables alone. Obviously 
then, even laboratory compari- 
son of fatigue strengths among 
materials is not a straightfor- 
ward procedure but depends 
largely on chance and good 
judgment. 

Evaluating brittleness and 




















resistance to crack propagation 
poses similar problems. Al- 
though we have developed a 
considerable understanding of 
these properties over the past 
decade, we still cannot deter- 
mine susceptibility to these 
phenomena from conventional 
room temperature tests. Some 
empirical laboratory tests 
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which have been developed are 
useful in evaluating the rela- 
tive behavior of materials for 
specific applications, but less 
useful in contributing to an 
understanding of the basic me- 
chanisms. 

The Charpy impact test has 
been used for many years as a 
measure of material toughness, 
both for metals and nonmetals. 
Even results of this simple, 
widely used test must be criti- 
cally examined with regard to 
details of specimen finish and 
tolerances and the techniques 
and machines used. A study 
made by Watertown Arsenal 
Laboratory showed a wide var- 
iation in test results on speci- 
mens taken from the same heat 
of homogeneous steel, machined 
at the Arsenal, and tested on 
different machines at various 
laboratories (which followed 
their usual test procedures). It 
took one or more re-runs, ac- 
companied by improvement in 
procedures and test machine 
condition, to obtain accurate 
and reproducible results. 


4. Self-defeating tests 


Two areas of mechanical 
testing — measuring residual 
stresses and evaluating the 
strength and soundness of 
welds—are plagued by the ne- 
cessity to destroy the specimen. 
These tests are, to a certain 
extent, self-defeating. 

Fabricating and heat treat- 
ing frequently induce high re- 
sidual stresses in metal struc- 
tures. Their direction and lo- 
eation are often critical, and 
when service stresses are su- 
perimposed on them the struc- 
ture may fail prematurely. In 
laboratory fatigue test speci- 
mens, residual stresses con- 


found test results; residual 
compressive stresses at the 
surface increase strength while 
tensile stresses decrease it. 
Methods currently available to 
measure these stresses with 
acceptable accuracy require de- 
struction of the test piece by 
sectioning or drilling. Progress 
has been made in the develop- 
ment of x-ray techniques and 
some investigators report good 
results. The x-ray method has 
disadvantages: it requires very 
expensive equipment and high- 
ly skilled technicians, and it is 
limited to measuring surface 
stresses. 

Nondestructive methods for 
examining the interior of welds 
are not yet adequate. Both the 
x-ray and ultrasonic methods 
miss fissures which are serious 
enough to cause failure, par- 
ticularly in highly stressed 
welds and welds in which resid- 
ual welding stresses cannot 
practically be reduced by post- 
weld annealing. 


Solutions 
to these problems 


are coming... 


Equipment manufacturers 
and individual laboratories are 
attacking—and attacking vig- 
orously — many of the prob- 
lems posed in the preceding 
section. Laboratories that need 
answers in a hurry are develop- 
ing specialized equipment. 
Electronic assistance is being 
used to increase the amount of 
data that can be recorded in an 
experimental program, and 
mathematical analysis is being 
used more extensively both to 
predict results and reduce the 
number of tests that must be 


made to develop meaningful 
data. 


¢ ¢ © with better apparatus 

> Integrated apparatus is 
commercially available to meas- 
ure tensile properties of metals 
up to 3500 F, using an elec- 
trically heated specimen. Load- 
strain characteristics are meas- 
ured and recorded autograph- 
ically over a wide range of con- 
trolled loading rates up to 0.375 
in./in./sec. A more specialized 
machine that applies full load 
in a matter of milliseconds is 
also available. 

Private investigators are de- 
veloping machines capable of 
applying loads in microsec- 
onds. Military laboratories and 
missile manufacturers, forced 
to full scale environmental test- 
ing to insure reliability, are de- 
veloping complex, highly in- 
strumented facilities capable of 
duplicating the extreme envi- 
ronments encountered in rock- 
et flight. 

> Considerable progress has 
been made with more conven- 
tional apparatus which heats 
the specimen with an external 
source. Furnaces can now be 
used with universal testing ma- 
chines to provide temperatures 
ranging up to 3500 F. Individu- 
ally constructed equipment has 
exceeded the 3500 F limit. 

> Top temperatures for ten- 
sile and creep tests in vacuum 
and controlled atmospheres are 
increasing. Test chambers sup- 
plied by several manufacturers 
can be heated to 4500 F. Again, 
industrial and institutional lab- 
oratories are exceeding this fig- 
ure; equipment developed un- 
der military contract permits 
tests to be conducted at temper- 
atures over 5500 F. 
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> Materials for grips and fix- 
tures, though lagging behind 
apparatus development, have 
been notably improved to satis- 
factorily withstand high test- 
ing temperatures. Vacuum and 
inert atmospheres present no 
problem but coatings must be 
developed to protect refractory 
alloys when tests are conducted 
in air. At this writing, the most 
promising coating—chromium 
diffused into the parent metal 
—will provide protection at 
3500 F for as long as 2 hr on 
molybdenum. 

> Tools for measuring tem- 
perature, though still seriously 
inadequate, have advanced sig- 
nificantly in recent years. In 
1957 the upper limit for plat- 
inum thermocouple measure- 
ments was under 3000 F. Tem- 
peratures beyond the thermo- 
couple limit were measured 
only with rather inaccurate op- 
tical pyrometers. 

Today, there is a choice of 
refractory alloy thermocouples 
and optical pyrometers for 
measurement to approximately 
6500 F. Some of the develop- 
ments are still too new to per- 
mit sound appraisal, but users 
have had fairly good experience 
with the tungsten-rhenium al- 
loy thermocouples and with op- 
tical pyrometers based on vari- 
ation in color and brightness. 


° ¢ © using electronics 


Electronic technology is pro- 
viding powerful tools to aid the 
mechanical tester at every step 
of the testing process from 
measurement to final computa- 
tion. Some of these develop- 
ments include: transducers to 
sense and signal test variables, 
programmers to help simulate 


service conditions, recorders to 
read and print or plot test data; 
and computers to reduce large 
masses of data to usable infor- 
mation: 

Most typical, perhaps, is the 
contribution of electronics in 
the field of strain analysis. 
Strains induced in an aircraft 
wing by simulated flight loads 
are sensed by hundreds of elec- 
trical strain gages cemented to 
the structure at significant lo- 
cations. Strain gage output, in 
the form of electrical signals 
proportional to the strain, is 
fed into a high speed recorder 
which prints the information 
on magnetic tape for use in a 
computer. The computer trans- 
lates the data into printed num- 
bers that tell the magnitude of 
stresses at each location in the 
wing structure. 

Reliability of missiles is de- 
termined by this same system 
teamed with an equally versa- 
tile electronic system which di- 
rects test conditions by dupli- 
cating those anticipated for the 
missile in flight. Predetermined 
conditions are set up in pro- 
gram controllers which, from 
start to finish of the test, initi- 
ate and control the duration and 
magnitude of such environmen- 
tal conditions as load, vibration 
and temperature in the proper 
sequence. 

In less elaborate applications, 
electronics has been coupled 
with high speed testing ma- 
chines to evaluate test speci- 
mens at strain rates duplicating 
those encountered in sudden 


shock loading. 
e « © and mathematics 


Although we do not have an- 
alytical methods to establish 


relationships among méchani- 
cal properties, mathematical 
methods are proving useful in 
collecting, sorting and evaluat- 
ing data. Among the various 
currently popular systems, 
which are referred to as the 
“new matheinatics,” statistical 
methods are the most useful to 
those investigating mechanical 
properties. ' 

Statistical analysis is helpful 
for five reasons: 

1. The investigator can design 
a test program so that all sig- 
nificant variables will be meas- 
ured. 

2. In accuracy of measure- 
ment the test variables will be 
consistent with each other and 
the goal of the experiment, 

3. Individual effects, as well 
as the effect each variable has 
on the others, can be developed. 

4. A properly designed exper- 
iment will develop the most in- 
formation with the least 
amount of testing. For example, 
only 16 tests are needed to in- 
vestigate an experimental de- 
sign in which the variables can 
form 64 combinations. 

5. Probably most important, 
measurements can be mathe- 
matically analyzed to eliminate 
the trial and error approach 
which depends almost entirely 
on the investigator’s experience 
and judgment for meaningful 
analysis. 

Statistical analysis classifies 
the importance of variables ac- 
cording to numerical values. It 
measures main effects, deter- 
mines effects of various inter- 
actions, and estimates the prob- 
able error in results. 

The Theory of Similitude is 
another useful mathematical 
approach. This theory pre- 
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scribes the relationships and 
conditions that a model must 
meet so that it behaves like the 
full scale design. Based on the 
fundamental theorem that the 
numerical value of all dimen- 
sionless combinations of signif- 
icant variables in the actual 
system must equal those in the 
model, this theory tells the in- 
vestigator how quantities such 
as length, width and stress, and 
properties such as modulus of 
elasticity must be related to 
achieve results from model tests 
that are meaningful for the full 
scale structure. 


Watch for 
these 
developments 


Work is being done in most 
of the areas where serious gaps 
exist between the requirements 
for materials design parameters 
and the techniques and tools 
available to measure them. 

> Promising work is continu- 
ing in nondestructive testing 
methods. Progress has been re- 
ported in developing ultrasonic 
measurement of material con- 
stants. Recent claims have been 
made for the precise measure- 
ment of elastic constants, and 
how they change, by the vibra- 
tor-controlled oscillator method. 
Competent investigators in sev- 
eral laboratories are using 
x-ray techniques to measure 
stress to an accuracy of +3000 
psi and they promise that fur- 
ther improvements in accuracy 
and reliability can be expected 
in the future. 

> Failure phenomena are be- 
ing correlated with empirical 
data to develop general relation- 
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ships that can be used to pre- 
dict material behavior. The em- 
phasis is on the study of crack 
propagation as it relates both 
to fatigue and brittle failure. 
Progress has been reported in: 
predicting failure of a brittle 
material under combined 
stress; fatigue crack propaga- 
tion studies to determine criti- 
cal defect size with respect to 
brittle failure; developing rela- 
tionships between stress ampli- 
tude and number of cycles to 
fatigue failure, using only stat- 
ic tensile properties; and in 
studying the effects of multi- 
axial stress, both mathemati- 
cally and by tests such as spin- 
ning disks to destruction. 

> Industrial laboratories re- 
port that strain gages that can 
operate up to 1500 F in static 
tests are in the advanced stages 
of development. Promising 
work is going on to improve the 
sensitivity and stability of bire- 
fringement plastic coatings. An 
optical-electronic method to 
measure rapid motions, such as 
encountered in vibration analy- 
sis, is coming into prominence 
and gaining more development 
attention. 

> Concentrated efforts are un- 
derway at government, indus- 
trial and institutional labora- 
tories to develop better instru- 
ments for measuring tempera- 
ture. This effort is aimed at 
increasing the accuracy and 
extending the limit of measure- 
ment both for new thermocou- 
ple alloys and optical tech- 
niques. Considering the rate of 
advances made during the last 
few years, along with progress 
currently being reported, there 
is every promise that the gap 
in this area should narrow 
rapidly. 
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.. resistance to 
deterioration... 


by C. J. WESSEL, Director, 
Prevention of Deterioration Center, 
National Academy of Sciences 
National Research Council 


The effects of air, water, 
sunlight and other natural 
envircnments on the prop- 
erties of materials, not to 
mention their structural 
integrity, have been studied 
for many decades. In con- 
trast to mechanical tests, 
however, there has been no 
broad agreement on test 
conditions and the type of 
data to be reported. More 
important, all attempts to 
simulate in short times the 
effects of long exposures 
have had serious shortcom- 
ings. Now thesc traditional 
problems have been joined 
by a whole new set of en- 
vironmental conditions in- 
troduced by space flight. 


@ The greatest single problem 
in evaluating deterioration of 
materials is the youth of the 
science and the consequent lack 
of unity and organization of the 
field. The concept of “deteriora- 
tion of materials” as a science 
is new, dating only from World 
War II. It still lacks clear-cut 
definition in the minds of many. 

What is deterioration? In vir- 


tually every application of an 
engineering material a relation- 
ship exists between the material 
and the environment in which 
it must operate. If the effect 
on the material is adverse, the 
materia! deteriorates. Al- 
though climate was originally 
considered the primary cause 
of deterioration, the concept 
quickly broadened to that of en- 
vironment in order to explain 
all forms of deterioration. 

Until a few years ago, deteri- 
oration by elements of the “‘nat- 
ural” environment were the 
primary considerations. So we 
thought in terms of moderate 
heat and cold, sunlight, wind, 
sand, dust, moisture in all 
forms, oxygen, ozone, salts, 
acids, alkalis, mildew and rot 
organisms, bacteria, insects 
and rodents, and marine organ- 
isms. 

Recently the elements of 
new environments have been 
brought forcibly to our atten- 
tion. The elements of natural 
environment previously consid- 
ered pale before the magnitude 
of the elements involved in “in- 
duced,” “hyper” or “space-asso- 
ciated” environments. 

We have suddenly come face 
to face with effects on mate- 
rials of such things as tremen- 
dous extremes of heat and cold, 
hard vacuum, electromagnetic 
radiation, dissociated and ion- 
ized gases, plasma, meteoritic 
dust, auroras and coronas. The 
kinetics of deterioration has 
changed drastically. Deteriora- 
tion that natural environments 


required months or years to ac- 
complish, these elements ac- 
complish in days, minutes or 
seconds. 


Data unorganized 


To a large extent due to the 
lack of a unified science, test- 
ing for effects of environmental 
deterioration on materials has 
been scattered, unorganized and 
unrelated. For the most part 
each investigation has proceed- 
ed without enough thought of 
its relation to similar investiga- 
tions by others on related mate- 
rials or problems. 

For example, tests have been 
carried out on effects of high 
energy sunlight on the cellulose 
polymer, on the enzymatic de- 
struction of cellulose by micro- 
organisms in the soil, on the 
effects of attack by ultraviolet 
light on polyethylene or poly- 
vinyl chloride, on effects of 
ozone attack on natural rubber. 
But little thought has been de- 
voted to the relationships 
among these modes of deteri- 
oration. 

Yet all these phenomena in- 
volve alterations in the atomic 
and molecular bonding of fun- 
damental structures and pro- 
ceed in relation to the energy 
levels ef the deteriorating 
forces. 

Thus, the research needed is 
that which wil give us a more 
fundamenta! knowledge of the 
environmental factors that 
cause deterioration. When this 
knowledge is coupled with the 
results of fundamental research 
into atomic and molecular struc- 
tures of materials we will have 
a chance of understanding the 
effects of environments, and of 
predicting what effect they will 
have on materials. 
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It is time to 
develop a basic 
approach 


Techniques now exist that 
can provide us with an insight 
into the atomic and molecular 
structures of materials. These 
techniques can distinguish what 
we might call the normal struc- 
ture from the abnormal struc- 
ture resulting from exposure to 
environmental elements. Knowl- 
edge of the distinction between 
normal and abnormal structure, 
coupled with the known type 
and level of energy provided by 
the deteriorating factor, pro- 
vides a basis for understanding 
what has happened within the 
material. Such an understand- 
ing helps us to construct mate- 
rials better able to resist the 
energy levels of a given attack- 
ing environment. 

To do this, the elements in- 
volved in environments must be 
organized into a disciplined sci- 
ence. We must determine the 
energy levels at which each op- 
erates under various conditions. 
Also, we must realize that none 
of these deteriorating factors 
operates alone. Never does na- 
ture present us with only a sin- 
gle variable. We may isolate 
single elements and determine 
their effects on structure, but 
we must never forget the inter- 
relationships between elements 
that exist in service. 

We must also develop an or- 
ganized, standardized, mean- 
ingful method for reporting the 
type and degree of deteriora- 
tion experienced by a material. 
At present, a variety of tech- 
niques of differing degrees of 
utility are used. Data are given 
in terms of visual effects, volu- 


metric effects, mass changes, 
and strength changes, to men- 
tion a few. Too often, results 
reported in one form correlate 
not at all with results reported 
in another. 


How to go about it 


The above, of course, is a 
highly simplified discussion of 
an extremely complex field. Its 
primary purpose is to indicate 
the philosophical approach that 
appears to offer the greatest 
promise in solving the tough 
problems of testing materials 
for environmental deteriora- 
tion. 

Probably the most important 
step we can take to further such 
an approach is to improve the 
recognition and acceptance of 
the field of environmental test- 
ing (and testing in general) as 
an important science in itself. 
Doing so will attract more en- 
gineers and scientists with high 
qualifications. Too often, test- 
ing research is looked upon sim- 
ply as an appendage to some 
other type of more important 
work. The development of new 
aproaches to testing and eval- 
uation must be approached as 
research programs per se. 

Engineering schools and uni- 
versities should play an impor- 
tant role in improving such rec- 
ognition. Organized special 
courses in evaluation and test- 
ing research, at the undergrad- 
uate or graduate level, would 
provide young engineers with 
both the basic educational 
equipment and the proper atti- 
tude to approach environmental 
test research as a science. 

The importance of such an 
educational approach on the en- 
gineering level cannot be over- 


emphasized. The AIA (Aero- 
space Industries Assn.) has 
predicted that, whereas 25% of 
current testing personnel are 
trained engineers, by 1970 this 
figure should reach 75%. The 
situation in the field of environ- 
mental testing is similar. 

There are other ways to stim- 
ulate progress in deterioration 
testing. Among the most im- 
portant: 

1. Develop and accept suit 
able definitions of terms and 
standards of testing. 

2. Prepare handbooks of the 
environments and of environ- 
mental testing. 

3. Prepare textbooks for use 
in special college courses. 

4. Improve communication of 
knowledge. It is absolutely es- 
sential to reduce drastically the 
time lag between the origin of 
new evaluation concepts and 
the implementation of these 
concepts in materials specifica- 
tions. 


We must also 


improve 
today’s tests 

Although the fundamental 
approach to materials evalua- 
tion is the one that in the long 
run will be the most satisfac- 
tory, the <«mpirical approach, 
which has been serving us until 
now, must be continued and 
even improved. We cannot 
lightly throw away our envi- 
ronmental test chambers and 
wait breathlessly for the magic 
formula. 

Empirical tests are usually 
simulated service tests by which 
we hope we can predict how 
the material will behave in ac- 
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tual service environments. An- 
other important use of such 
tests is to indicate what effects 
fabrication or assembly with 
other materials may have on 
deterioration of the material. 

The latter information is im- 
portant. In deterioration. or 
environmental testing the em- 
phasis shifts from one envi- 
ronmental factor to another 
when a material is transformed 
into a part, a component, or a 
final assembly of several mate- 
rials. Unfortunately the rami- 
fications of such a shift are not 
always clearly discernible. 

For example, the deteriora- 
tion of a given metal in a given 
corrosive environment may be 
readily predictable. But when 
the metal is combined with an- 
other metal or nonmetallic in 
a specific design, the corrosion 
conditions may change con- 
siderably. Thus, we must con- 
sider anew the resistance to 
deterioration of the overall 
assembly. 


Accelerated tests useful 


Granted that simulated ser- 
vice tests are here to stay, what 
can we say about them? What 
are some of the main problems 
with them? And what, if any- 
thing, is being done about the 
problems ? 

The complexity of most dete- 
rioration studies has led to the 
adoption of actual exposure 
tests, particularly in the field 
of weathering and general cli- 
matic durability. The length of 
time required to obtain useful 
results from such tests has 
stimulated the use of environ- 
mental test chambers in which 
conditions can be controlled 
and, hopefully, accelerated to 


obtain more rapid indications 
of deterioration effects. 

The present state of know- 
ledge makes such testing neces- 
sary. No one can spend five to 
ten years exposure-testing a 
material while at the same time 
using it or selling it on faith 
alone. 

But let us fully understand 
the shortcomings of such tests. 
Most tests do not actually simu- 
late—do not actually acceler- 
ate. Results are at best only 
indicative of what will actually 
occur in service and must be 
treated accordingly. 


Five natural environments 


The following environments 
are among those presenting the 
most troublesome problems in 
developing meaningful simu- 
lated service tests. 

1, Sunlight—Little correla- 
tion exists between outdoor and 
indoor photodecomposition test 
results. Lack of correlation is 
primarily due to the difference 
in ultraviolet spectral energy 
distribution between natural 
sunlight and the various indoor 
test sources, which differ wide- 
ly even among themselves. 

Other causes include: a) 
diurnal and seasonal variations 
in the ultraviolet portion of 
sunlight, particularly in the 
short wavelength region which 
is important in photochemical 
effects, and b) lack of standard 
conditions outdoors, ie., the 
effects of clouds, haze, smoke, 
etc., which strongly affect ul- 
traviolet intensity. 

Substantial progress has been 
and is being made in improving 
artificial light sources to more 
closely simulate the ultraviolet 
intensity of sunlight, e.g., use 


of combinations of xenon and 
tungsten lamps. But as yet we 
are far removed from true 
simulation of sunlight, to say 
nothing of combining sunlight 
effects with other environ- 
mental factors. 

2. General weathering and 
durability—In the final analy- 
sis, evaluation of how materials 
and assemblies behave in vari- 
ous environments relies on how 
well they stand up in actual 
weathering tests. That a great 
deal of reliance is still placed 
on outdoor weathering tests is 
indicated by ASTM’s publica- 
tion last year of a report on an 
entire program of such test- 
ing on sandwich constructions 
(“Symposium on Durability 
and Weathering of Structural 
Sandwich Constructions”). 

There is little correlation 
between such test results and 
laboratory simulated tests. 
Much of this lack of correlation 
is associated with the unpre- 
dictability of sunlight, clouds, 
haze, geographical location, and 
manner in which specimens are 
exposed. 

3. Corrosion—Corrosion test- 
ing is such a large field in 
itself that comments here must 
be limited. 

The salt spray test, long a 
subject for controversy, is still 
used widely with various re- 
sults. Salt spray tests in the 
laboratory have resulted in 
erratic data inconsistent with 
those obtained by natural ex- 
posure. Many efforts have been 
made to make artificial tests 
and outdoor tests more compa- 
rable. One variation reinvesti- 
gated recently is salt fog 
distribution. Uniform fog dis- 
tribution was found to provide 
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consistent results within 9% 
error. Corrosion rates also 
seem more correlatable when 
temperature and humidity are 
controlled. 

X-ray diffraction techniques 
are proving useful in studying 
the corrosion process. With a 
better understanding of the 
kinetics of corrosion processes, 
we should be able to develop 
test procedures for measuring 
corrosion in the very early 
stages. 

4. Polymer aging—The most 
common method of measuring 
degradation due to aging of 
polymers has been to observe 
changes in tensile properties 
resulting from aging at ele- 
vated temperatures for speci- 
fied periods of time, Such 


measurements essentially are 
only comparative. 
The utility of this type of 


data is questionable. For ex- 
ample, in aging tests on rubber, 
greater attention has _ been 
given to changes in tensile 
strength than to changes in 
other tensile properties. Recent 
work has shown that tensile 
strength is of little or no value 
in predicting the aging char- 
acteristics of synthetic rubber 
vulcanizates. Ultimate elonga- 
tion (strain at failure) now 
appears to be a more useful 
measure of the utility of syn- 
thetic and natural rubber com- 
pounds for applications involv- 
ing aging. 

The use of high energy elec- 
trons to vulcanize rubbers may 
be a helpful test technique in 
that it introduces less contami- 
nation into the vulcanizate and 
thus reduces the number of 
variables to be studied. 

5. Biological deterioration— 


Biological tests depend to a 
great extent on living organ- 
isms. These organisms may 
range from single cell micro- 
organisms to highly complex 
systems such as the rat. In de- 
terioration studies we have 
relied for the most part on such 
organisms as fungi, insects and 
marine organisms. 

Many regard the soil burial 
technique as a method of ac- 
celerating fungal deterioration. 
The technique is difficult to 
defend as a highly reproducible 
or even realistic test for those 
items which are not going to 
be buried in the soil. Efforts 
have been made to standardize 
the burial techniques, and im- 
provements have been made. 
Further improvement is needed 
and is possible. 


New induced environments 


The field of induced environ- 
ments is so new and such an 
immense amount of work is 
going on that we can expect 
nothing but confusion in test 
programs for some time to 
come. The primary problem is 
to develop methods for simu- 
lating such critical and 
“unnatural” environments as 
extremely high and low tem- 
peratures, extremely high and 
low pressures, extremely high 
electromagnetic fluxes, various 
forms of radiation, and ex- 
tremely corrosive conditions. 

The NASA Research Advi- 
sory Committee on Structural 
Design has advised that new 
ground-based research facili- 
ties are needed to adequately 
simulate certain hazards of the 
space environment, including 
hard vacuum, heating and cool- 
ing in conjunction with hard 


vacuum, hyper velocity impact, 
and energetic particles. 

This same committee has 
recommended that flight test- 
ing of structures and materials 
is required in order to investi- 
gate their behavior under en- 
vironmental conditions that 
cannot be adequately simulated 
on the ground. It points out, 
for example, that ground simu- 
lation of the conditions en- 
countered during reentry at 
super orbital velocities is pre- 
sently impossible. Other flight 
testing programs include re- 
coverable satellite laboratories 
to study behavior of materials 
and structures in space, and 
lunar and planetary probes to 
establish the atmospheric sur- 
face environment on the moon 
and the planets. 

Three of the most critical 
induced environments are: 

1. High temperatures—Stud- 
ies of plasma phenomena indi- 
cate that means of testing 
materials successfully at ex- 
tremely high temperatures are 
possible—a hopeful note. Much 
research is being done on 
plasma jets, plasma arcs, high 
intensity arcs, shock tubes and 
other plasma manifestations. 
Two promising approaches: the 
possible development of an a.c. 
arc to produce a usable plasma, 
and the combination of a high 
intensity arc with a mass spec- 
trometer to study the kinetics 
of evaporation. 

A very basic problem in high 
temperature testing is to de- 
velop meaningful methods of 
measuring the temperatures 
involved, i.e., upwards of a few 
thousand degrees Kelvin. We 
have to substitute such 
measurements as “color tem- 
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perature,” “brightness tem- 
perature,” and “radiation tem- 
perature.” Such values assume 
meaning only when they relate 
to corresponding real tempera- 
tures. Although correlations at 
present lack precision, efforts 
are underway to improve them. 

2. Vacuum—Equipment avail- 
able at present that is capable 
of attaining very low pressures 
is extremely limited in size. 
Vacuums much beyond the 
order of 1 X 10° mm Hg (not 
comparable to the hard vac- 
uums of space) are often diffi- 
cult to attain. Problems are 
compounded when other envi- 
ronmental factors must be 
combined with vacuum, Cost 
of vacuum equipment is so high 
that it would appear desirable 
to combine efforts of many 
groups to provide common 
facilities. 

3. Vibration—Vibration test- 
ing is suffering today from a 
strong difference of opinion 
over the relative merits of pure 
sine Waves vs random waves as 
the best way to check out 
equipment which is to spend 
part of its working life in vi- 
brating environments. 

Some critics say that pub- 
lished specifications that pur- 
port to describe an environment 
in terms of amplitude and fre- 
quency are meaningless, They 
further claim that the simula- 
tion of a general vibrational 
environment in the laboratory 
is a near impossibility. They 
feel that it is possible to create 
a substitute environment whose 
action upon any resonant sys- 
tem may be considered to be 
equivalent to the operational 
environment. 

This lack of agreement can 
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impose serious economic hard- 
ships on some test laboratories. 
Many companies feel compelled 
to purchase relatively expen- 
sive electronic power for new 
vibrators because they feel they 
may be required to conduct 
such testing in the future. 


Specification testing 


The distinction between re- 
search testing and specification 
testing should be emphasized. 
The former tells us how a 
material performs under cer- 
tain conditions and permits us 
to establish reasonable require- 
ments for the material’s per- 
formance in service. The term 
“specification testing” is used 
here to describe simulated 
service, prototype actual serv- 
ice, reliability, and quality 
control tests—tests used to tell 
us whether a material or prod- 


wR 
uct meets the performance 
requirements. 

Specification testing must 
keep abreast of developments 
in research testing. But speci- 
fication testing must be kept as 
simple as possible for reasons 
of economy and time. 

An important and promising 
current trend in specification 
testing is the increased use of 
nondestructive test methods. 
Magnetic particle and pene- 
trant methods—two of the ori- 
ginal nondestructive test me- 
thods— are constantly being 
refined and more widely ap- 
plied. 

New and useful techniques 
are being developed as a result 
of research in both techniques 
and equipment for x-ray micro- 
scopy, projection microradio- 
graphy, x-ray diffraction, x-ray 
spectroscopy, and ultrasonics. 
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... friction properties, 
wear resistance... 


by MALCOLM W. RILEY, 
Associate Editor, 
Materials in Design Engineering 


From earliest times man, 
though he may noi have 
been aware of some of the 
more subtle forms of deteri- 
oration, has been acutely 
aware of the deterioration 
of materials directly con- 
nected with abrasion. Most 
manufacturers intimately 


concerned with the problem 
of wear have developed 
ways to evaluate the mate- 


rials they use, but the kind 
of information that would 
be of use to designers in 
all fields seems likely to 
emerge only as the result of 
a cooperative effort across 
many industries. Here are 
some details of these prob- 
lems, as well as current 
ideas in the related field of 
friction testing. 


® There is no clearly defined, 
interdisciplinary science of 
wear-friction. We have devel- 
oped information to explain the 
fundamental mechanisms of 
wear and friction; we have de- 
veloped empirical information 
to explain how a particular 
material performs in a special- 


ized use. But we have not mar- 
ried the two. 

Further, virtually all evalu- 
ation work has been carried out 
within distinct materials fields, 
e.g., metals, ceramics, plastics 
and elastomers. And the work 
has been of a problem-solving 
nature. 

Wear and friction are among 
the more complex—if not the 
most complex—of all perform- 
ance characteristics of engi- 
neering materials. Wear-fric- 
tion characteristics depend on 
the structure and composition 
of the material as well as its 
configuration, processing his- 
tory and the variables of the 
environment in which it is used. 
But more important, they de- 
pend on the many variables of 
a second material with which it 
comes in contact, as well as the 
conditions of contact. 


Definition a problem 


The complex nature of the 
problem has retarded develop- 
ment of a fundamental ap- 
proach. It has made necessary 
a “problem solving” approach, 
each worker developing empiri- 
cal data to solve his specific 
problem. With investigators all 
working in quite different 
fields, it is no wonder they dis- 
agree even on basic definitions. 

Most investigators would 
agree to highly simplified basic 
definitions of friction and wear, 
i.e., where friction is the force 
required to overcome the weld- 
ing of asperities of two mate- 
rials in contact with one an- 


other, and wear is the loss of 
material that occurs when 
these asperities rupture at 
points other than the weld line. 

But beyond this, definitions 
relate quite specifically to sepa- 
rate fields of study. For ex- 
ample,- Howard S. Avery de- 
fines wear as the “unintentional 
deterioration due to use or 
environment ... usually a sur- 
face phenomenon.” The ac- 
companying table shows his 
classification of wear. This is 
indeed a broad definition, ex- 
tending into and actually dupli- 
cating to a great extent the 
whole area of deterioration of 
materials. But as broad as this 
definition is, it is aimed speci- 
fically at wear of metals, as 
indicated by the absence of a 
classification for light or ultra- 
violet degradation. 

Narrowing the field to abra- 
sive wear, there is certainly 
agreement as to concept. As 
Avery points out, abrasive 
particles are a special means of 
localizing stress on a surface; 
the wear that occurs is the 
result of overstressing to the 
point of structural damage. 
This concept applies equally to 
metals and nonmetallics such as 
plastics. The chief differences 
are in the ranges of relative 
hardness involved and in the 
mechanical properties of sur- 
face and abrasive. In both 
cases, either plastic deforma- 
tion or localized rupture may 
be involved. 

But when we get more specif- 
ic, definitions still differ. Avery 
defines abrasion of metals as 
“wear caused by large or small, 
relatively hard foreign parti- 
cles that are usually nonmetal- 
lic.” He points out that wear 
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that commences due to metal- 
metal contact often becomes 
abrasive wear as metallic parti- 
cles are torn loose and are 
oxidized (becoming, of course, 
nonmetallic) by  friction-in- 
duced heat, 

In the organic materials 
field, however, abrasive wear is 
defined only as the progressive 
removal of surface material by 
mechanical action such as rub- 
bing, scraping or erosion. 


Basic approach, 
though costly, 
might help 


The two viewpoints outlined 
above are symptomatic of the 
lack of an organized basic ap- 
proach to the problem. An 
interdisciplinary, inter-materi- 
als approach would not only 
develop an agreement on basic 
terms but also lead to an under- 
standing of how the basic 
wear-friction mechanisms vary 
with all types of basic struc- 
tures and types of service. 

This does not mean that ef- 
forts have not been made to 
coordinate basic knowledge 
with practical engineering. 
Several noteworthy efforts in- 
clude the MIT conference on 
Friction and Surface Finish 
(1940), the ASTM symposium 
on Wear of Metals (1937), and 
the University of Michigan's 
summer conference course on 
An Engineering Approach to 
Surface Damage (1958). 


Can it work? 


Developing our fundamental 
knowledge to the point that we 
could make reliable predictions 
of performance under any con- 
ditions is a highly complex as- 


signment at best. At present, 
such work is scarce. 

And who would pay for more? 
Friction-wear is such a com- 
plex study that practical results 
could not be expected from 
short-term studies. Most pri- 
vate organizations find such 
basic work difficult to justify 
economically. All government- 
sponsored work in friction- 
wear has been concerned with 
solving specific problems. 

Furthermore, the complexity 
of the phenomena raises a seri- 
ous question in the minds of 
many as to how useful the 
results of even a long-term 
basic program might be. The 


practicality of a fundamental 
approach has not been proved. 
Most engineers and materials 
specialists faced with the day- 
to-day problems of wear-fric- 
tion are skeptical. Most are 
doubtful that the ultimate goal 
of fundamental work can be 
reached, and most are acutely 
aware of the time and money 
required for such work. 


Group research an answer 


Some are not so skeptical, 
and some have found that 
group research can provide an 
answer to the cost problem. 

A project to study metallic 
wear and friction is now 
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underway at Armour Research 
Foundation under the joint 
sponsorship of ten companies. 
According to ARF, the primary 
goal is “fundamental under- 
standing.” This would permit 
complex wear-friction phenom- 
ena to be organized into a 
science from which quantita- 
tive generalizations could be 
drawn. 

According to Robert H. Read, 
who is heading up the program, 
the project is intended to 
answer the question: Why do 
the basic wear-friction mech- 
anisms operate differently 
under different conditions? 
Admittedly the project is limi- 
ted. Initial objectives are to 
1) design and construct the 
proper test apparatus, 2) select 
the metal systems and the 
specific data required to relate 
wear-friction properties to 
metallurgy, and 3) generalize 
the results. 

Present studies are limited 
to unlubricated metal-metal 
wear and friction. But Read 
points out that “you have to 
start somewhere.” He is reluc- 
tant to predict the direction of 
future work. Ultimately the 
work may be extended to lubri- 
cated wear-friction studies, but 
the direction of future work 
will be set by the body of knowl- 
edge as it is developed. It is 
impossible to predict whether 
these studies might be ulti- 
mately broadened to include 
all materials. 


Friction and wear 
now two 


distinct fields 


Meanwhile, today’s problems 
have to be solved. The nature 


of the practical friction and 
wear problem is such that 
there is a clear-cut distinction 
between present methods of 
testing or evaluating materials 
for friction characteristics and 
methods of evaluation for wear 
resistance. 

Most frictional test methods 
can be further classified as 
those used in evaluating mate- 
rials for 1) high friction appli- 
cations, such as brakes and 
clutches, and 2) low friction 
applications, such as bearings. 
Many of the friction testing 
concepts are applicable to both 
metallic and nonmetallic mate- 
rials, 

In wear and abrasion testing 
there is a clearer distinction 
between inorganic and organic 
materials, primarily due to the 
great difference between the 
uses for which the materials 
are intended. Much of the work 
on inorganic materials is con- 
cerned with heavy duty abra- 
sion such as that encountered 
in mining and earth moving 
equipment, Emphasis in or- 
ganic materials is more often 
on how well a material with- 
stands defacement caused by 
occasional or less stringent 
abrasion. 


Friction simulated 


A standard universal friction 
test that could provide even a 
meaningful ranking of various 
materials does not exist. Values 
for coefficient of friction 
(which can be obtained by a 
variety of different nonstand- 
ard testing devices) are rela- 
tively meaningless unless they 
are obtained under conditions 
identical or nearly identical to 
those to be encountered in serv- 


ice. As a consequence most 
friction testing at present is 
simulated service testing. 

High friction testing—Re- 
finement, adaptation and modi- 
fication of dynamometer testing 
is probably the single most 
widespread trend in evaluating 
high friction materials, e.g., 
brake and clutch materials. 

Dynamometers are being 
used to simulate with a high 
degree of precision friction 
conditions encountered in auto 
brakes and clutches, aircraft 
brakes, railroad car brakes and 
similar applications. Test con- 
ditions range all the way from 
subzero cold to red hot, high 
speed braking. 

A typical evaluation proce- 
dure used today to evaluate a 
friction material, according to 
American Brake Shoe’s Henry 
Harris, is 1) testing specimens 
on a “friction machine” which 
gives the coefficient of friction 
as well as an indication of 
degree of wear; 2) dynamo- 
meter testing under conditions 
simulating those to be en- 
countered in service, which 
ranks materials more precisely 
for a particular application and 
gives a better indication of how 
they will actually perform; and 
finally 3) actual service testing. 

Harris points out that the 
precision with which simulated 
service tests on a dynamometer 
can predict how a material will 
perform depends on the type 
of application. For example, 
railroad car wheels and brak- 
ing mechanisms are highly 
standardized because of the 
need for interchangeability of 
cars among various railroads. 
Consequently dynamometer 
tests on railroad car brake 
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materials can produce results 
clearly indicative of actual 
performance. 

On the other hand, designs 
of automotive brake mechan- 
isms differ from manufacturer 
to manufacturer—and even 
from model to model. The only 
sure measure of automotive 
brake materials is test track or 
road testing in the car. 

The complexity and special- 
ized nature of the evaluation 
procedure can be indicated by 
the number of factors one 
manufacturer (American Brake 
Shoe Co.) uses to rate mate- 
rials for auto brake linings 
alone. In addition to four 
physical properties, ten “fric- 
tion properties” are given 
qualitative ratings, including 
cold performance, stability with 
temperature and pressure 
change, fade resistance, re- 
covery from fade, resistance 
to initial fade, wet friction, 
and resistance to glazing. 

Low friction testing—The 
majority of evaluation methods 
for low friction materials con- 
sist of bearing tests. All such 
tests have been developed in- 
dependently and none has been 
accepted as standard. But the 
purpose is usually identical: to 
test the material in the form of 
a bearing at various loads and 
speeds, and provide data on 
coefficients of friction and 
limiting PV values. 

Other methods, such as pull- 
ing or sliding weighted speci- 
mens along level or inclined 
planes, are also used—primar- 
ily to develop frictional values 
for comparative ranking of 
materials. Use of such values 
for materials selection, or even 
sereening, is highly dubious. 


Wear resistance: 
ranking tests 
predominate 


Although little related work 
has been carried out in wear 
and abrasion resistance testing 
of inorganic and organic mate- 
rials, a similarity in approach 
does exist. In short the basic 
approach consists of first de- 
veloping laboratory tests to 
produce empirical data that 
provide comparative ranking 
of materials, and then running 
simulated or actual service 
tests. 

The three criteria outlined 
by Avery for a good laboratory 
test for abrasion resistance are 
as valid for organic as for in- 
organic materials: 

1. Reliability—Tests must 
have proven reliability or re- 
producibility. The degree of 
reproducibility, once deter- 
mined, can then be used to 
judge how much reliance you 
can place on test results. 

2. Ranking ability — Tests 
must have proven ability to 
distinguish between various 
materials and rank them on a 
basis of merit. 

3. Must be validated—Test 
results must be validated by 
correlation with service test 
results. 

The first two requirements 
have been met quite well by a 
number of proprietary and 
standard test methods. Bat 
validation is a major problera. 
As Avery points out, perform- 
ance data from the field are 
seldom in sufficient detail to 
validate laboratory test results. 
Also, to provide validating 
data, service tests themselves 
must be reproducible and have 


ranking ability. This is seldom 
the case. 

Although there are no stand- 
ard abrasion test methods for 
metals, a substantia] amount of 
experience has accumulated 
through independent efforts. 
So, although there is little 
industry-wide agreement on a 
single testing procedure, many 
existing proprietary methods 
provide data that are useful in 
solving materials problems of 
individual organizations. 

For example, American Brake 
Shoe has classified abrasion 
into three types and developed 
a ranking test for each type. 
These classifications are 1) low 
stress scratching abrasion, sim- 
ilar to sand erosion, 2) high 
stress grinding abrasion, simi- 
lar to that encountered in ball 
mills, and 3) gouging abrasion, 
such as that encountered in 
rock crushers. Although this 
classification is not accepted 
completely throughout the field, 
other approaches are similar. 

Both the classification and 
the test methods are based on 
a real need for simplification. 
If an engineer can recognize a 
dozen basic factors affecting 
wear and abrasion, but cannot 
assign them coefficients or rela- 
tive weights, he cannot derive 
a valid prediction. Simplifica- 
tion should lead to canceling 
out all trivial wear factors, 
leaving one or more dominant 
variables. If we can evaluate 
these against the properties of 
the materials involved the pos- 
sibility of valid prediction be- 
comes a probability. 


Organics: many tests 


The field of organic mate- 
rials, particularly the synthe- 
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ties (i.e., plastics, synthetic 
elastomers, synthetic textiles) 
is much younger than the 
metals field. Possibly because 
of this youth and vigor, stand- 
ard test methods for measuring 
abrasion resistance have been 
agreed upon. But the purpose 
of these tests is still to provide 
a ranking of materials, rather 
than to attempt to predict 
service life. 

The status of testing tech- 
nology in plastics is put ac- 
curately by Sias: “A review of 
the literature for the past 20 
years shows that... there are 
more test methods than abso- 
lute results. Tests have been 
run using grinding wheels, 
fresh sandpaper surfaces, shoe 
soles and tooth brushes with 
sand, wind blown or falling 
particles, rain drops and even 
washing machines to obtain a 
reproducible wear or abrasion 
factor. Some of these tests, in- 
cluding the Taber and NEMA 
(National Electrical Manufac- 
turers’ Assn.) abrasion tests, 
have been proven to give com- 
parative results but the exact 
meaning in terms of the life 
expectancy of (a product such 
as) a school desk top has not 
been determined.” 

There are four ASTM stand- 
ards for plastics alone, each 
aimed at measuring a different 
type of abrasion. Specifically, 
they measure 1) general abra- 
sion resistance of plastics (by 
both loose abrasive and bonded 
abrasive or abrasive tape), 2) 
abrasion resistance of trans- 
parent plastics, 3) mar resist- 
ance of glossy plastics, and 4) 
scratch resistance of plastics 
(actually the resistance to de- 
facement by sharp particles). 


These classifications are not 
as simple as they might sound. 
For example, in outlining the 
scope of the scratch hardness 
test ASTM says: “The general 
term hardness includes such 
varied properties as resistance 
to indentation, abrasion (sic), 
cutting, plastic deformation 
and scratching.” 

A survey by Lever and Rhys 
lists 38 different tests devel- 
oped for measuring abrasion 
resistance of elastomers, plas- 
tics, coated fabrics, fabrics and 
thin films. And this listing is 
far from complete, 

Most such tests have been 
developed by one laboratory or 
another in an attempt to more 
closely characterize abrasive 
conditions to be found in speci- 
fic types of service, One mate- 
rials producer, for example, in 
attempting to compare his 
materials with others in abra- 
sion resistance, provides com- 
parative weight loss data ob- 





tained by 1) Taber Abraser, 
with a specific wheel and load, 
2) ball mill tests in a specific 
ball mill with specific balls, 3) 
a wire drag test, in which a 
fine wire is pulled continuously 
over a cylinder of the material, 
and 4) a sander test, in which 
football cleats made of the 
material are pushed against 
the belt of a wet sander. 

The major problem still 
exists: predicting service life 
of a material in a given abra- 
sive environment. Although 
such devices as the Taber 
Abraser have wheels designed 
to provide abrasion “like that 
of normal handling, cleaning 
and polishing,” or like that of 
floor materials when “subjected 
to underfoot wear,” or the cut- 
ting and tearing action en- 
countered during severe abra- 
sion, the number of service 
variables has precluded direct 
correlations between test re- 
sults and service life. 
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... color, gloss, texture... 


by RICHARD S. HUNTER, 
Hunter Associates Laboratory, Ine. 


Unlike the tests discussed 
earlier in this report, the 
scientific measurement of 
appearance is_ relatively 
new and is immensely com- 
plicated by the introduction 
of the human eye as the 
arbiter of acceptable qual- 
ity and performance. No 
test yet devised can com- 
pensate for all the variables 
of light and position likely 
to be encountered in serv- 
ice. But continued refine- 
ment of tests for color, 
gloss and texture is certain 
as long as the present heavy 
competition for sales per- 
sists. For today, appear- 
ance often determines the 
success of a product. 


@ Just what do we mean by 
appearance anyway? Actually, 
the appearance of a surface is 
very complicated and depends 
on many factors such as color, 
gloss (or luster), haze, shape 
and texture, and several other 
characteristics. All of these 
combine in a complex way that 
make description and measiire- 
ment very difficult. 
Measurement and specifica- 
tion of these visual characteris- 
tics are further complicated by 


the fact that the human eye is 
an exceedingly agile and sensi- 
tive instrument. Our eyes are 
quite remarkable: they can dis- 
tinguish over four million dif- 
ferent shades of color, and they 
can distinguish two lines as 
separate if the angle between 
them is as little as one minute 
of arc. Today’s instruments 
cannot always match such per- 
formance and their limitations 
restrict our present ability to 
measure appearance. 

Although the eye is an agile 
comparator, it is a relatively 
poor memorizer. Despite its 
ability to distinguish roughly 
four million colors, the eye con- 
tains no meters and cannot as- 
sign numbers to colors so that 
they’ can be recorded and sub- 
sequently identified. Even a 
trained eye can only memorize 
and identify 250 colors, This 
means that it is much easier to 
duplicate a color to satisfy 
one’s memory of the color than 
it is to duplicate a color that 
will be seen side-by-side with 
the original specimen. 

Measurement is also compli- 
cated by the eye’s susceptibility 
to fatigue and to bias based on 
previous experience. Two per- 
sons looking at the same speci- 
men can, and often do, disagree 
about the way they match each 
other. Thus, they will also dis- 
agree about the changes needed 
in a formula or process to make 
one appearance attribute match 
another. 

Quite naturally, designers 
and engineers tend to think of 
appearance characteristics such 
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as color, gloss and texture as 
independent variables which 
can be measured separately. 
This is extremely difficult to do. 
Both color and gloss, for ex- 
ample, tend to change with an- 
gie of illumination and viewing 
angle. Interrelationships of this 
kind make complete specifica- 
tion of appearance very cum- 
bersome and complicated. 

Starting with the announce- 
ment of Munsell’s well known 
color chips or plaques in 1905, 
appearance specialists have 
steadily designed a series of in- 
struments which can test and 
measure appearance character- 
istics so that they can be speci- 
fied and controlled with a rea- 
sonable degree of accuracy. It 
is easy for the layman to look 
back on the phenomenal devel- 
opment in instruments and 
think that exact numbers can 
be assigned to all appearance 
characteristics. Unfortunately, 
this is not the case. Many test- 
ing problem areas still remain 
and the measurement of some 
appearance properties—notably 
texture and finish—has_ re- 
ceived surprisingly little atten- 
tion. 


Furthermore, despite all the 
work that has been done on rat- 
ing the appearance of non- 
metallic materials, we have at 
present no standardized optical 
methods for measuring the ap- 
pearance characteristics of 
metallic surfaces (see box). 
Thus, of necessity, the follow- 
ing discussion applies to non- 
metallic surfaces and finishes. 


Color: it is 
hard to simulate 
the human eye 


Measurement of color is com- 
plicated by the fact that it is an 
exceedingly complex phenome- 
non. Despite this complexity we 
can separate the methods of 
measuring and observing color 
into three main types: physical, 
psychological and psychophysi- 
eal. The differences between 
them are illustrated by the 
drawings below. 

Physical measurements re- 
flect the physical basis of color 
—the spectral capacity of an 
object to reflect or transmit dif- 
ferent wavelengths of the visi- 
ble spectrum. Thus, the color 


of surfaces of material can be 
represented by spectrophoto- 
metric curves of reflectance. 
Similarly, the color of bodies 
such as clear glass and liquids 
can be represented by curves of 
spectral transmittance rather 
than spectral reflectance, 

Psychological measurements 
and observations are based not 
on instruments but on what the 
eye actually perceives when it 
looks at color. The eye does not 
perceive a spectrophotometric 
curve nor does it have any way 
of letting us know what wave- 
lengths comprise the light it re- 
ceives. It perceives psychologi- 
cal attributes such as hue, 
lightness and saturation which 
can be described and measured 
on a color solid as shown. 

Psychophysical measure- 
ments, as their name implies, 
are a combination of psycho- 
logical and physical color at- 
tributes. Measurements can be 
made by combining a psycho- 
logical color solid and instru- 
ments that can precisely locate 
color attributes such as red- 
ness-greeness, yellowness-blue- 
ness, and shades from black to 
white. 
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Physical — Spectrophotometric 
curves show percentage of light 
reflected at each visible wave- 
length. 
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Psychological—Color solid shows 
hue, lightness and saturation. 
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Psychophysical—Dimensions of 
reflectance (Rs), redness-green- 
ness (a) and yellowness-blueness 
(b) are used in formula to obtain 
color difference value. 
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Psychophysical measurements 
are hampered somewhat by the 
fact that data can vary with 
changes in the geometric con- 
dition of observation and illu- 
mination as well as the color of 
the illuminant. Thus, a specific 
color measurement applies to 
only one of many possible ob- 
serving situations and is only a 
partial, not a complete, meas- 
urement. It would be impossi- 
bly cumbersome and wholly 
impractical to make complete 
measurements embodying all 
possible geometric and spectral 
observing conditions. 


Visual idontification 


Visual identification of color 
based on the so-called psycho- 
logical attributes of color is ad- 
vantageous in that the opera- 
tion is simple. One of the most 
widely used visual tests is the 
Munsell color system contain- 
ing 500 to 1000 color chips of 
permanent paint which are sys- 
tematically arranged in a color 
solid. Intervals of value (light- 
ness) and chroraa (saturation) 
are represented by numbers. 
And the principal hues are rep- 
resented by letters, with either 
letters or numbers to identify 
intervals within each of the ten 
hue ranges. 

The combined use of the eye 
and color chips provides a rela- 
tively fast and inexpensive sys- 
tem. However, it does not pro- 
vide precise color identification 
because the observer can be 
confused when comparing chips 
with specimen surfaces that 
are different in structure and 
texture. 

The Munsell system has an 
interesting peculiarity that can 
be vexing to technologists who 
work with colored materials. 


Because the constant value 
color planes are perpendicular 
to the black-white axis the sys- 
tem deals in psychologically 
idealized, horizontally con- 
structed lightness planes. How- 
ever, the average materials 
technologist seldom thinks of 
color in flat planes because 
color does not vary this way in 
most products. He is used to 
dealing with mixtures of 
whites, colorants and some- 
times blacks which tend to pro- 
duce color variations along 
diagonal lines rather than the 
horizontal planes and vertical 
saturation scales found in the 


Munsell system. 


Color instruments 
We can use three types of in- 


struments to measure color: 
spectrophotometers (physical), 
tristimulus reflectomers (psy- 
chophysical), and trichromatic 
colorimeter (psychophysical). 
In spectrophotometers a prism 
or grating isolates wavelengths 
in the visible spectrum to pro- 
vide information on reflectance 
or transmittance as a function 
of wavelength. Reflectometers 
use at least three filters, these 
transmit rather broad spectral 
bands corresponding to the 
spectral response function of 
the standard observer and each 
one provides a value of re- 
flectance. Colorimeters also use 
filters but instead of providing 
reflectance values they give 
numbers corresponding to posi- 
tion in the color solid. 

None of the color measuring 
instruments now available is 
importantly better than the 
human eye in detecting certain 
small color differences. Al- 
though they can detect differ- 
ences in the vertical dimension 


of the color solid with greater 
precision than the eye, they are 
not as precise in measuring 
horizontal differences. For ex- 
ample, in the red-green dimen- 
sion, tristimulus reflectometers 
and colorimeters must detect 
signal changes of only 0.03% 
in order to equal the best eye 
in detecting color differences. 


Color scales and formulas 


All of these visual and in- 
strumental techniques have to 
be used with some form of color 
scale or color difference for- 
mula. Wavelength data ob- 
tained from physical tests can 
be given numbers that corre- 
spond to our visual impressions 
of color and the response func- 
tions of the human eye. Thus, 
so-called “standard observer” 
procedures have been devised 
which consist of formulas giv- 
ing the response of each of 
three assumed photochemical 
processes in the eye to light of 
each of the wavelengths of the 
visible spectrum. Using these 
response functions (designated 
x, y and z) we can derive the 
dominant wavelength and puri- 
ty, dominant wavelength being 
purely a psychological measure 
of color. 

Unfortunately, because color 
scales are based on matching 
mixtures of lights, we cannot 
use them in any simple way to 
adjust coloring ingredients 
when we want to color mate- 
rials. Colorants such as the pig- 
ments used in paints and plas- 
tices and the dyes used in 
textiles impart color chiefly by 
absorbing or “subtracting” 
more light of some wavelengths 
than others. Thus, it is quite 
complicated to compute the final 
color of a mixture from color 


JUNE, 1961 ¢ 137 





values of each of its compo- 
nents. This is the reason why 
the mixing of pigments, stains 
and dyes is still such an art. 

However, some of this art 
may be disappearing. Just 
within the past year a com- 
puter has been developed that 
can mix colorants electronical- 
ly. Called the Colorant Mixture 
Computer (COMIC), the new 
device is expected to be a valu- 
able aid in formulating the 
color of plastics and paint. 

Despite the fact that CIE 
(standard observer) tests as- 
sign different values for speci- 
mens that differ in color, these 
instrumental designations are 
usually unsuitable as a measure 
of actual visual differences. 
Thus, a number of color scales 
have been developed that give 
the user an approximate and 
uniform measure of color per- 
ception. Most of the color scales 
and their associated color dif- 
ference formulas are based on 
spacings in the Munsell color 
solid which was designed to 
provide uniform visual spacing 
under well standardized condi- 
tions of observation. 

In using color difference 
measurements, we should bear 
four limitations in mind: 

1. “Uniform” color scales are 
not perfectly uniform. Take the 
National Bureau of Standards 
units of color difference, for ex- 
ample: it is quite possible for 
1 NBS unit to be visually as 
large as another of 1.5 or even 
2 units because of imperfec- 
tions in the scales or spectral 
errors in the instruments. 

2. The relative perceptability 
and commercial acceptability 
of color differences often are 
not the same. Frequently, we 
may not tolerate a small dif- 


ference in hue because we 
know it can arise from using 
different materials. In contrast, 
we may accept a large differ- 
ence in saturation or lightness 
because it can conceivably arise 
from a difference in illumina- 
tion or viewing angle rather 
than from a difference in mate- 
rials, With the color ivory, for 
example, a customer may not 
tolerate a hue which is one unit 
either redder or greener, but 
readily accept a one-unit dif- 
ference from the standard in 
lightness or saturation. 

3. A single color difference 
measurement under one type of 
light is often not sufficient. As 
is well known, colors can be 
drastically changed by the type 
of illuminant used. Frequently, 
a match that is good in day- 
light may not be good under 
fluorescent light. It is desir- 
able to check specimens under 
at least two  illuminants— 
standard artificial daylight and 
lamplight—and frequently un- 
der a third, fluorescent light. 
An instrument that permits 
switching from one type of 
illumination to another would 
be useful. 

4. Hue, lightness and satu- 
ration alone are often not a 
complete specification of color. 
Gloss, texture and other geo- 
metric effects can affect color 
appearance, as indicated earl- 
ier, and the effects of these 
factors do not show in color 
difference measurements. 


Gloss: complex 
and hard 
to measure 


To the average person, gloss 
is the property of a surface 


that gives it a shiny or mirror- 
like appearance. But gloss is a 
much more complex phenome- 
non than most people realize 
and is a very difficult property 
to measure. 

The materials specialist con- 
cerned with appearance would 
like to have a single instrument 
that will give a gloss rating for 
all types of materials and sur- 
faces. Unfortunately there is 
no single reflectance scale that 
will give us values that corre- 
late with the gloss appearance 
of all surfaces. 


Six types of gloss 

Studies conducted by the 
author in the 1930’s showed 
that gioss is made up of at 
least six different types of vis- 
ual criteria and within each 
type there may be six to ten 
measurement scales, each with 
a different purpose. Since 1986, 
the establishment of these six 
gloss criteria has made it pos- 
sible to set up successful gloss 
ranking procedures and to test 
many different materials. Also, 
despite the multiplicity of 
types, appearance specialists 
have usually found that only 
one or two gloss criteria estab- 
lish the appearance of their 
product; thus, important gloss 
differences can usually be 
measured whenever the appro- 
priate gloss scales are selected. 
Following is a breakdown of 
the six types of gloss and some 
associated measurement prob- 
lems: 

Specular gloss and sheen are 
actually the same except that 
the viewing angle is different. 
Specular gloss is perceived at 
medium viewing angles as the 
shininess of a surface and the 
brilliance of its highlights. 
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Sheen is perceived at grazing 
angles. These two types are 
probably the most important 
gloss criteria and fortunately 
they can be measured by stand- 
ard instruments without any 
significant problems. 

Contrast gloss as its name 
implies is the contrast between 
specularly reflecting areas and 
adjacent areas. The property 
can be measured without too 
much difficulty and the meas- 
urements are meaningful. 

Absence-of-bloom and sur- 
face haze are the same to paint 
specialists at least, except that 
bloom can be wiped off and 
haze cannot. Absence-of-bloom 
is an important gloss criterion, 
especially for high gloss and 
semigloss surfaces on which 
reflected highlights can be seen 
(e.g., wall tiles). Haze is fre- 
quently a problem with indus- 
trial finishes and is often found 
to be caused by improper bak- 
ing or inadequate pigment dis- 
persion. 

To date, the standard condi- 
tions for measuring absence- 
of-bloom have not been worked 
out. However, there is no bar- 
rier to the solution of these 
measurement probiems. It is 
just a question of people get- 
ting together and working out 
the right techniques. Actually, 
there is not much pressure to 
work out a standard test be- 
cause users have found in al- 
most all cases that a 20-deg 
gloss test, although not de- 
signed for measuring haze, 
provides them with all the in- 
formation in this category they 
need to know. 

Distinctness-of-tmage gloss is 
a@ measure of the distinctness 
and sharpness . of mirror 
images. It is very difficult to 


measure mirror fidelity photo- 
metrically because the human 
eye has a higher resolving pow- 
er than the best available in- 
struments. The eye, for exam- 
ple, can detect angular differ- 
ences as small as 0.01 deg be- 
tween two points, whereas in- 
struments usually have resolu- 
tions of 0.56 deg and in some 
cases 0.1 deg. 

Narrow angle measurement 
of gloss is also difficult because 
specimens must be very accu- 
rately positioned and quite flat. 
An instrument cannot differen- 
tiate between loss of specular- 
beam light flux due to poor 
image reflecting quality and 
loss of flux due to surface curv- 
ature. This is an important 
practical problem because the 
eye can readily distinguish be- 
tween these two effects. Photo- 
metric instruments, unlike the 
eye, cannot discriminate be- 
tween images that are distorted 
in size and shape by non-flat 
surfaces and those that are dif- 
fused by microscopically rough 
surfaces. 

A distinctness - of - image 
glossmeter designed by Middle- 
ton and Mungall and refined at 
our laboratory uses a scanning 
principle to obtain very high 
resolution and compensates in 
part for specimen non-flatness. 

Because of the high accuracy 
provided by photographic 
prints it has been proposed 
that they be used to measure 
distinctness -of-image gloss. 
Some promising work has been 
done in this area but as yet no 
standard. test methods have 
been devised. 

Surface uniformity gloss de- 
rives from the uniformity of a 
surface or, stated another way, 
from the freedom of visible 


nonuniformities. Because it is 
not a function of reflectance 
and more a function of texture 
it is questionable if, strictly 
speaking, surface uniformity is 
a gloss attribute. However, ex- 
perience shows that the visible 
texture of a surface can affect 
the viewer’s judgment of gloss. 

To date, no instruments have 
been devised for measuring 
surface uniformity gloss. The 
problem is important because 
users would like to detect and 
control spotty or uneven areas. 
The problem has not gone un- 
noticed and there is hope that 
measuring instruments now 
under development will prove 
suitable. 


Other gloss problems 


It has been estimated that 
the ASTM D523 test for 60-deg 
specular gloss is used for 75% 
of all gloss measurements made 
today. This workhorse test 
precisely separates finishes in 
the medium gloss range. In fact 
the test is so popular that many 
users think that they can use 
it for all ranges of specular 
gloss. Unfortunately, however, 
it cannot be used for measuring 
high and low gloss. 

The new test for distinctness- 
of-image gloss and the ASTM 
20-deg specular gloss test are 
generally used to measure high 
gloss. However, high gloss 
materials are hard to measure 
by the 20-deg method because 
of the high degree of flatness 
and accurate positioning. re- 
quired in order to direct the 
reflected beam into the small 
receptor window. 

The ASTM 85-deg test can 
be used for measuring low 
gloss. The 85-deg geometry is 
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hard to build into an instru- 
ment but the problem can be 
eliminated through good design. 

Actually, some observers feel 
that there may not be much 
point in making highly precise 
measurements of gloss. Gloss 
cannot be measured as precisely 
as color and reflectance, It is a 
phenomenon of the skin of a 
material and thus tends to be 
quite variable from point to 
point and changes with the con- 
dition of surface preparation. 
Thus, gloss measurements of 
high precision are impossible, 
and even if they could be made 
they would probably be mean- 
ingless. 


Texture and finish: 
standards 
are needed 


Comparatively little can be 
said about the measurement of 
texture and finish for the 
simple reason that compara- 
tively little work has been done 
in this field. This is surprising 
becanse texture and finish are 
quite important in almost all 
products, 

Outside of the standard 
mechanical tests such as the 
Profilometer and Brush ana- 
lyzer tests there is no standard 
equipment available for meas- 
uring texture and finish. Pro- 
filometer tests are quite valu- 
able for measuring surface 
roughness; however, they can- 
not be used for appearance 
measurements because the re- 
sults they give often do not 
correlate with the way a sur- 
face looks. 

There are very few industry 
standards for specifying tex- 
ture and finish, particularly 


mechanical finishes. For ex- 
ample, one company’s No. 4 
mechanical finish may be dif- 
ferent from another company’s 
No. 4 finish. It would appear 
that more industry cooperation 
is needed. 

Work is now proceeding at 
our company on equipment 
that we hope will provide 
meaningful measurements of 
texture and finish, This equip- 
ment scans light (both specular 
and diffuse) reflected by the 
surface from a small spot of 
incident light. It analyzes the 
resulting a.c. signals for both 


amplitude and slope. The ampli- 
tude shows brightness con- 
trasts, and the slope (which is 
obtained by using high fre- 
quency band pass filters) shows 
pattern sharpness. 

It is believed that the result~- 
ing data on uniformity in gloss 
and reflectance will be trans- 
latable or convertible to tex- 
ture. Also, the measure of re- 
flectance uniformity is expected 
to be useful for controlling the 
uniformity of printing inks, 
paper and the like, and in es- 
tablishing standards of fabric 
wrinkling. 





Although a significant 
amount of work has been done 
on rating the appearance of 
nonmetallic materials, almost 
nothing has been done on 
standardized optical methods 
for measuring the appearance 
properties of metallic sur- 
faces. This is surprising be- 
cause the appearance of met- 
als is extremely important in 
many designs, particularly 
automobile trim, household 
appliances, builder’s hardware 
and costume jewelry. 

In general, the tests devel- 
oped for measuring the ap- 
pearance of nonmetallic sur- 
faces cannot be used on me- 
tallic surfaces. This stems 
from the fact that metallic 
reflectance is chiefly specular 
while nonmetallic reflectance 
is chiefly diffuse. Metallic 
brightness is an important 
attribute of metal surfaces 
but few technologists under- 
stand its character. As far as 
the writer can tell, it is close- 
ly associated with freedom 
from diffuse and semi-diffuse 
reflectance. 

Investigations to date show 
that the colors of metallic sur- 
faces can be measured by 
established methods, provided 





Littie Work on Measuring Appearance of Metals 


that specularly reflected light 
is collected for measurement. 
Also, goniophotometrie meth- 
ods can be used to evaluate 
geometric distributions of re- 
flected light, and in a few 
cases these have already 
shown that useful optical 
methods can be developed to 
measure metallic appearance. 
The relationship between geo- 
metric distributions of re- 
flected light and surface ap- 
pearance is frequently compli- 
cated and unrecognized. 

The American Society for 
Testing Materials (ASTM), 
and particularly its Commit- 
tee E-12 on Appearance, has 
been aware of these problems 
for many years. To date, there 
has been little financial sup- 
port for investigating ways to 
measure the appearance prop- 
erties of metals. However, a 
breakthrough has_ recently 
been made with the formation 
of a problem task group 
within Committee E-12 whose 
job it will be to prepare stand- 
ard procedures for measuring 
the color and gloss of ano- 
dized, high-silicon architec- 
tural aluminum alloys, and 
both colored and unfinished 
aluminum surfaces. 
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... magnetic properties... 


by GEORGE J, FALKENBACH, 
Electrical Engineering Div., 
Battelle Memorial Institute 


The growth of electrical 
and electronic applications 
for materials has been 80 
immense that the work of 
evaluation has tended to 
split into distinct and spe- 
cialized areas correspond- 
ing to the electrical func- 
tions of the material. Tests 
fer magnetic materials are 
old and well established, 
but the need for greater 
accuracy and speed are re- 
sulting in the development 
of more refined laboratory 
equipment and more rapid 
production line equipment. 
And the increasing severity 
of environmental conditions 
makes it likely that still 
more advanced evaluation 
procedures will have to be 
developed. 


®@ In studying magnetic mate- 
rials we are usually interested 
in evaluating two types of 
properties: intrinsic and sec- 
ondary properties. The physi- 
cist is usually interested in in- 
trinsic properties such as mag- 
netization and anistropy. The 
designer or engineer, however, 
is usually concerned with how 


a material will behave in actual 
service, and thus he is liable to 
be more concerned with second- 
ary properties such as perme- 
ability, coercive force and 
losses. 

In recent years a great num- 
ber of special tests and equip- 
ment have been developed to 
make quick and accurate meas- 
urement of these properties, 
both in the laboratory and on 
the production line. Let’s look 
at them briefly. 


Accuracy and convenience 


> We now have rotating coil 
fluxmeters (which develop an 
a.c. voltage proportional to 
magnetic field) that are accu- 
rate to +0.1%. Even higher 
accuracy, +0.01%, can be ob- 
tained with recently developed 
fluxmeters operating on NMR 
(nuclear magnetic resonance) 
principles. These fluxmeters 
are also noted for their ability 
to con‘rol 4 magnetic field to 
great accuracy and for their 
use in studying homogeneity. 

> Geussmeters based on the 
Hall Effect are now capable of 
an accuracy of +1% (of the 
reading, not full scale) from 
hundredths of a gauss to 10,000 
gauss, and somewhat less accu- 
racy to 30,000 gauss. Users 
also like them because of their 
mobility and transportability ; 
several battery-operated, self- 
contained models are now avail- 
able. Furthermore, they lend 
themselves to measuring both 
transverse and axial fields. In 
many ways the application for 
these versatile gaussmeters 
seems to be limited only by the 
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imagination of the user. 

> We are now obtaining 
higher accuracy with new per- 
meameters that can measure 
magnetizing forces up to 300 
oersteds to within +1%, a 
significant improvement over 
older models. A further advan- 
tage of the newer models is 
that they require less test ma- 
terial to provide more mean- 
ingful data. 

> A sensitive field detector 
(magnetometer) operating on 
the fluxgate principle can make 
accurate masurements of field 
strength from below 0.01 oer- 
sted to about 10 oersteds. 

> A recording torque mag- 
netometer provides an accuracy 
of +1%, yet is simple to use 
and inexpensive. 

> A magnetic field measur- 
ing device that uses ultrasonic 
techniques permits the use of 


sampling areas 1/100 that of 
the smallest Hall effect probe 
with an accuracy of about 
+5%. It is still experimental. 


High frequencies 


Special techniques and equip- 
ment are also required for ac- 
curately measuring magnetic 
properties at high frequencies. 
The Q-meter works well (the 
magnetic material is evaluated 
by using it as a core in a reson- 
ant circuit) in the 100 ke to 10 
me range. For higher fre- 
quencies, however, three other 
tests have been developed: 

10 to 1000 me—A small speci- 
men can be evaluated in a co- 
axial resonator. 

50 to 3000 me—Thin speci- 
mens can be evaluated in a co- 
axial line to provide impedance 
measurements that can be used 
to derive magnetic properties. 

Above 3000 mc—Specimens 





can be evaluated in a wave- 
guide instead of a coaxial line, 
or in a cavity resonator. 


Better production tests 


Unlike some products, many 
magnetic devices must be con- 
stantly checked during produc- 
tion. This means that tests 
made on the production line 
must be easy to use and not 
interfere with production, as 
well as being accurate and in- 
expensive. Spurred by these 
needs, designers are constantly 
improving production test 
equipment. For example: 

> Practical, low cost hystere- 
sigraphs that will provide rap- 
id and permanent records of 
B-H loops are continuously be- 
ing developed. They can record 
static as well as dynamic hyste- 
resis loops up to several kilo- 
cycles. 

> A recently developed core 
tester can test a complete mem- 
ory system and will rapidly de- 
tect, count and locate defective 
memory cores. Less complex, 
but effective in its own right, 
is a recently developed test jig 
that is simple and precise and 


can be used with standard test 
equipment. 

> An advanced magnetic tape 
tester can detect tape defects 
as small as one bit length in a 
packing density of over 1000 
bits per inch. 


Extreme environments 


The extreme environments 
imposed on many of today’s 
magnetic devices means that 
we will have to have more tests 
for evaluating magnetic mate- 
rials under conditions of high 
temperature, nuclear irradia- 
tion and shock and vibration. 
Such data are needed because 
most metallic core materials 
show appreciable property 
changes both after irradiation 
as well as at temperatures just 
below the Curie point. (Proper- 
ties of most permanent magnet 
materials, on the other hand, 
do suffer little under extreme 
environments. ) 

Very little information is 
available on the effects of com- 
bined environments. However, 
much more data should be 
forthcoming from government 
sponsored research. 
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..-.- dielectric properties... 


by K. N. MATHES, 
General Engineering Laboratory, 
General Electric Co. 


Tests for dielectric proper- 
ties are straightforward; 
today’s principal effort is to 
determine how well insu- 
lating materials maintain 
their dielectric properties 
under a variety of hostile 
service conditions, includ- 
ing heat, cold, stress, sol- 
vents and radiation. As in 
other areas of environ- 
mental testing, a major 
problem is to develop short- 
time tests that reliably sim- 
ulate the effects of long- 
time service. Meanwhile, it 
is important to look with a 
critical eye at data obtained 
in tests that may have little 
to do with the kind of serv- 
ice we contemplate. 


@ In evaluating the properties 
of insulation materials it im- 
mediately becomes apparent 
that their dielectric properties 
cannot be divorced from their 
physical, mechanical and en- 
vironmental properties. In most 
cases these properties are 
interdependent. 

Flexible insulation tubing, 
for example, must retain flexi- 
bility at extremely cold tem- 


peratures, yet not cut through 
at high temperatures. An im- 
pregnating resin must be fluid 
enough to penetrate deeply and 
completely, yet not run back 
out and leave voids. And a 
magnet wire enamel must pro- 
vide a tough coating that is as 
thin as possible. 

These examples are cited to 
show that although dielectric 
properties per se are important, 
in many cases they are second- 
ary to, and can be drastically 
affected by, mechanical, phys- 
ical and environmental proper- 
ties. In this article, therefore, 
we shall be concerned primarily 
with combined property data. 


Tests can be confusing 


Much confusion surrounds 
the purpose of tests on electri- 
cal insulation materials. Some 
of this confusion stems from 
the fact that in testing and 
evaluating insulation materials 
we are faced not only with 
diverse application require- 
ments but also by an exceed- 
ingly large number of mate- 
rials. Nevertheless, we can 
separate insulating tests into 
four general types: 

1. Materials research evalua- 
tions. 

2. Manufacturing control 
tests. 

3. Property identity tests 
made by the materials producer 
for the end user, 

4. End-use, application tests, 

Unfortunately, it is often 
difficult to set up clear lines 
of demarcation between these 
tests. For example, the pro- 
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ducer of an insulation material 
may quote values of short-time 
tensile or electric strength to 
gain acceptance for his mate- 
rial in a new application, but 
in reality such values may only 
serve to identify the material 
and may not have much bear- 
ing on needed application prop- 
erties, 

It is also unfortunate that 
some tests seem to have been 
developed simply because they 
are simple and short, the phil- 
osophy apparently being that 
“something is better than noth- 
ing.” In truth, however, some- 
thing is not “better than 
nothing” if the “something” 
gives the wrong result or 
interpretation. 


Better ‘end-use’ data 


Of all the insulation tests, 
probably most important are 


the end-use or application tests. 
Such tests are designed to 
determine: 

> Mechanical, physical or 
electrical changes under short- 
time exposure to extreme con- 
ditions (e.g., softening at high 
temperatures) . 

> Degradation due to ther- 
mal, voltage, mechanical or 
radiation aging. 

These tests are complicated 
by the fact that in many cases 
they involve combined effects. 
Thus, as one property changes 
it may cause another property 
to change (e.g., thermal aging 
combined with voltage aging). 
The problem is so complex 
that some engineers believe 
that insulation materials by 
themselves cannot be evaluated 
and that only performance 
tests on completed devices are 
significant. This, of course, is 
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an extreme attitude; many 
problems remain but they are 
not unsolvable. 

Property trends must be 
evaluated over a range of 
exposure conditions — curves 
rather than single point data. 
Certainly such data is more 
difficult to obtain, disseminate 
and interpret than single point 
data which can be glibly quoted 
by an unskilled salesman. 

Several material producers, 
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notably those supplying plas- 
tics insulations, have recog- 
nized this need and now supply 
complete information on 
properties such as modulus, 
strength, and elongation to 
failure, as well as electrical 
resistance, power factor, etc., 
as a function of temperature. 
Curves of power factor vs 
frequency are also common, 

Of course, insulating mate- 
rials suppliers will usually 
supply such expensive data only 
if there is a demand for it. 
Users should recognize and 
make known their needs, since 
it is usually less expensive for 
the manufacturer to make the 
needed tests rather than have 
each user werk the data out 
for himself. 


We need 
more data on 


aging properties 


There is a serious lack of 
information on the effect of 
time on insulating materials. 
For example, impulse voltages 
of a few microseconds duration 
can have widely different 
effects on different kinds 
of insulation. Short-time data 
such as these are often difficult 
to obtain experimentally. 

We also encounter many 
problems in obtaining long-time 
aging data. Many of these tests 
are costly because of the exces- 
sively long time required to 
provide useful data. Sometimes 
the data is developed too late 
for it to be of much use. 

Much effort is being devoted 
to developing new and im- 
proved aging tests, particularly 
for determining the single and 
combined effects of thermal, 
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humidity and voltage aging. 

Thermal aging. Over the past 
15 years we have made con- 
siderable progress in accelerat- 
ing thermal aging tests by 
using the chemical reaction 
rate theory. However, these 
tests raise both theoretical and 
practical difficulties. For ex- 
ample : 

> It is always questionable 
whether we can extrapolate 
short-time test data obtained at 
a high temperature to find the 
expected life of insulation at 
lower temperatures. Insulation 
life at lower temperature may 
depend upon a different mech- 
anism (e.g., a different activa- 
tion energy) than that encount- 
ered at higher temperature. 

> It is difficult to select ap- 
propriate end-points for ther- 
mal aging tests. 

> Thermal aging tests are 
hard to duplicate closely in 
different laboratories. 

Humidity aging. Many dif- 
ferent approaches have been 
tried in making accelerated 
humidity aging tests on insula- 
tion materials. We have made 
useful comparisons between 
materials by raising tempera- 
ture to accelerate the aging. 
However, we should recognize 
that higher temperatures may 
reverse the order of compari- 
son as time increases (see 
first graph). 

Even in humidity tests made 
at normal temperatures it can 
be misleading to make mea- 
surements for only 48 or 96 hr 
at high relative humidity, espe- 
cially when trying to find the 
effect of long-term tropical 
conditions, In such cases it may 
be advisable to use short cycles 
of humidity which provide a 


cumulative effect more like 
continuous, long-time exposure. 

High voltage stress aging. 
High voltage can also cause 
slow degradation of insulation 
materials, In the past we have 
customarily determined the 
voltage life of insulation mate- 
rials and systems by using a 
series of tests at increasing 
voltage levels just above the 
corona starting voltage. How- 
ever, such programs are 
plagued by unexpectedly early 
failures as well as individual 
tests that never seem to cause 
failure (so-called ‘“hangers- 
on”). 

We can minimize these prob- 
lems by steadily increasing 
voltage stress to produce fail- 
ure in a much narrower band 
of time. Thus, different failure 
times can be produced by 
changing the rate of increasing 
voltage (see second graph). As 
with thermal aging tests, the 
different slopes obtained at dif- 
ferent stress levels may make 
it difficult to extrapolate the 
data. Nevertheless, the results 
can be of great value. This ap- 
proach of increasing voltage 
stress can also be used to deter- 
mine the electrical tracking 
characteristics of insulation 
surfaces under different condi- 
tions of surface contamination. 

Similarly, we have recently 
learned that a technique of 
slowly increasing mechanical 
or physical stress can be used 
to determine long-time deterio- 
ration. It has been successful 
in finding the fatigue strength 
of plastics, and similar work is 
underway on other materials. 

Normal voltage aging. Many 
differences of opinion have 
arisen over current studies of 


normal voltage aging. For ex- 
ample, some European investi- 
gators are stressing tests using 
needle electrodes which empha- 
size corona erosion; others are 
using a corona cell with a glass 
or mica barrier which empha- 
sizes the chemical degradation 
of corona. And in the United 
States an ASTM test has been 
developed using a direct elec- 


‘trode (%%-in. dia) test for 


voltage endurance. This is an 
intermediate test: both erosion 
and chemical effects are in- 
volved. 

Perplexing problems also 
arise when we study combined 
stresses, such as the effects of 
moisture and temperature on 
voltage aging. It is particularly 
difficult to extrapolate results 
from combined aging tests. In 
general, it appears that we 
should vary only one stress at 
a time if we are to extrapolate 
data. Also, the static stress 
should not exceed that expected 
in service, 

Many interesting investiga- 
tions have stemmed from work 
by Howard in England who 
found that an increase in 
frequency produces a linear ac- 
celeration in the voltage aging 
characteristics of polyethylene- 
insulated cable. Many investi- 
gators now tentatively believe 
that voltage aging can be ac- 
celerated by a factor of 100 by 
increasing the test frequency 
from 60 to 6000 cycles. There 
seems to be good agreement for 
low loss materials such as poly- 
ethylene which fail by corona 
erosion. On the other hand, 
voltage failures are not linear 
over a wide range of frequen- 
cies for high loss materials or 
for certain composites. 
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..- impurities, other 
semiconductor properties 


by D. K. HARTMAN 

and R. E. HYSELL, 
Semiconductor Products Dept., 
General Electric Co. 


The growth of solid state 
devices has brought with 
it a new field of materials 
evaluation of interest to 
engineers and designers. 
The kind of procedures dis- 
cussed in this article, now 
of interest only to engineers 
in certain portions of the 
electronic and electrical in- 
dustries, may become of in- 
creasing interest to engi- 
neers in many other indus- 
tries. For the design of ma- 
terials continually becomes 
more closely related to their 
inherent structure. 


@ The comparatively new 
science of semiconductors has 
brought about a whole new 
series of tests and equipment 
for evaluating materials. Be- 
cause of the important effect 
that crystal purity has on per- 
formance many of these tests 
have been especially designed 
to detect and measure impuri- 
ties. Not to be overlooked, how- 
ever, are the new tests that 
have had to be devised for 
measuring crystal structure 
and orientation, as well as elec- 
trical properties. 


All of these variables are by 
no means easy to measure and 
control. However, we are 
achieving notable success in de- 
veloping and applying methods 
for evaluating semiconductor 
materials in large production 
quantities. 


Measuring impurities 


In producing semiconductor 
devices we need to have some 
means of detecting and measur- 
ing the two types of impuri- 
ties: primary and contamina- 
tion. Contamination impurities 
are those present in the orig- 
inal source material or acciden- 
tally introduced during crystal 
growth and processing; pri- 
mary impurities are those in- 
tentionally added to the mate- 
rial to adjust its electrical 
properties to meet design re- 
quirements. Concentration of 
these dopant materials can 
range as small as parts per bil- 
lion in materials intended for 
high voltage rectifiers to major 
fractions of 1% in materials 
for tunnel diodes. 

Electrical properties can pro- 
vide important information on 
the concentration and mobility 
of majority charge carriers, 
whether they be holes or elec- 
trons. The two primary electri- 
cal measurements used in eval- 
uating semiconductor materials 
are resistivity and the Hall con- 
stant. Measuring resistivity as 
a function of position is useful 
in checking crystal homogene- 
ity. And the Hall Effect meas- 
urement is important because 


it determines conductivity type. 
Sometimes, however, this prop- 
erty can be determined more 
simply by measuring the polar- 
ity of the thermoelectric coeffi- 
cient. 

In addition, we can also 
measure mobility as a function 
of temperature. In materials in 
which contamination impurity 
content is high this measure- 
ment provides an estimate of 
total impurity concentration. It 
is particularly useful with com- 
pound semiconductors. 

Another useful parameter is 
carrier lifetime. Lifetime is 
one of the most sensitive meas- 
ures of crystal purity and per- 
fection and is quite important 
in designing semiconductor de- 
vices. Although the lifetime of 
germanium and silicon crystals 
is high enough to exceed re- 
quirements, this is not the case 
with compound semiconductor 
materials which have low life- 
times. These low lifetimes are 
difficult to measure and the re- 
sults are often obscured by 
trapping phenomena. 

Lifetime measurements of 
germanium and silicon can be 
made by a standard technique 
such as direct observation of 
the transient decay of photo- 
conductivity. Less direct meth- 
ods must be used with short 
lifetime materials. Some suc- 
cess has been obtained with a 
technique based on the photo- 
magnetoelectric effect. Other 
tests are even more indirect; for 
example, fabricating p-n junc- 
tions in a material and analyz- 
ing its junction characteristics. 

Optical measurements of 
semiconductor materials can 
also be valuable. The measure- 
ment of photoconductive spec- 
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tral response, for example, has 
been widely used for studying 
the basic properties of solid 
state materials. 

We can also use absorption 
measurements with © semicon- 
ductors because they are trans- 
parent in the infrared range. 
These measurements have 
proved particularly useful in 
detecting oxygen impurities 
which, in the case of germa- 
nium and silicon, can be electri- 
cally inactive and not detect- 
able by electrical measurement. 

Another valuable optical test 
is infrared absorption which 
can be used as a basis for con- 
tactless measurement of carrier 
concentration in heavily doped 
materials, 

Physical measurements such 
as electron and x-ray diffrac- 
tion are also a good tool for 
evaluating semiconductor ma- 
terials. Electron diffraction is 
particularly useful in studying 
the crystalline properties of 
surface films and layers. X-ray 
diffraction has been found use- 
ful in studying crystal struc- 
ture, orientation and perfec- 
tion. Diffraction line width 
data from rocking curves are 
helpful in detecting gross im- 
purities such as excessive dis- 
location density or work dam- 
age. Also, test modifications 
based on the Berg-Barrett tech- 
nique can provide a visible pic- 
ture of crystal imperfections. 

Metallographic procedures for 
semiconductor materials are 
well developed, and many 
recipes for chemical stains and 
etches are now available. These 
etch treatments make it pos- 
sible to obtain a quantitative 
measurement of dislocation 
density, which is the most sig- 
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nificant factor in specifying 
crystal perfection. 


Minimizing tests 


Semiconductor manufactur- 
ers cannot afford to make all of 
the measurements that could be 
made. Today the semiconduc- 
tor industry is extremely com- 
petitive (over 100 manufactur- 
ers) and costs have to be kept 
down. This is not easy, espe- 
cially in the face of user de- 
mands that tight specifications 
be held even in large produc- 
tion quantities. 

Nevertheless, manufacturers 
have been abie to meet rigid 
specifications with a limited 
number of tests such as: 

1. Orienting the material and 
making a statistical evaluation 
of its structure. 

2. Measuring conductivity 
type, lifetime and resistivity. 

Let’s look at these possibili- 
ties in a little more detail: 























Controlling orientation and 
structure of semiconductor ma- 
terials has become extremely 
critical. Alloy junctions, for 
example, must be parallel to 
the surface to insure reliability. 
Today’s semiconductor devices 
frequently have to do with di- 
mensions on the order of mi- 
crons. 

For high frequency devices 
with small dimensions, the in- 
dustry has found that the ori- 
entation of the material must 
be held to better than +5 min 
of arc. And in development de- 
vices, designers are trying to 
hold orientation to tolerances 
as low as +1 min. However, 
for less sophisticated devices 
orientations of +2 deg are ade- 
quate. 

In semiconductors whose size 
is in the micron range, proper- 
ties are related to the structure 
of the material, particularly to 
dislocation density. Such de- 
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vices require statistical sam- 
pling of materials to insure 
that dislocation density does 
not exceed specifications. In 
larger devices, however, proper 
growth procedures can keep 
crystalline structures within 
acceptable limits. In such de- 
vices it is only necessary to 
monitor materials on a quality 
control basis, provided that 
good crystal growing proce- 
dures are observed. 

Conductivity and lifetime— 
These properties can be meas- 
ured on a spotcheck basis. The 
science of growing crystals is 
now sufficiently understood and 
techniques are exact enough so 
that conductivity type need 
only be measured on a casual 
basis. Furthermore, materials 
producers have found that they 
ean control the lifetime of a 
material by using good crystal 
growing practices and keeping 
the environment clean. Thus, 
lifetime measurement of every 
crystal is not necessary; meas- 
uring statistically selected sam- 
ples has proved sufficient. 

Resistivity—In earlier days, 
semiconductor users were 
happy if resistivity limits were 
within +50%. Continued prog- 
ress, however, has reduced this 
figure to +10%, and the trend 
is toward a resistivity spread 
of only +5%. 

Because of the importance of 
resistivity measurements it has 
been necessary to develop very 
precise equipment. It has also 
been necessary to derive and 
apply precise mathematical cor- 
rections for sample geometry. 
Furthermore, because semicon- 
ductor resistivity is sensitive to 
temperature, it has been neces- 
sary to hold specimen tempera- 


ture within +2°C. Continued 
advances in the art have re- 
sulted in instruments that are 
accurate to within +2%, and 
semiconductor material is being 
supplied with a +10% resis- 
tivity tolerance. 


New problems coming 

In light of past history we 
can expect to find many new 
problems in evaluating semi- 
conductor materials. For exam- 
ple, with the advent of mate- 
rials prepared by epitaxial and 
dendritic techniques it is neces- 


sary to work with small physi- 
cal dimensions which are 
difficult to handle and which 
create some unique electrical 
problems. 

Also, with the increased use 
of compound semiconductors 
we will be faced with the very 
severe problems of making 
short lifetime measurements on 
a production basis. Further- 
more, as we start to use large 
band gap materials it may be 
necessary to make some meas- 
urements at elevated tempera. 
tures. 
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SHATTERPROOFED 
WITH SILICONES 


One of the most common safety hazards 


— exploding light bulbs — has been 


overcome in a new incandescent lamp 


through the use of silicone adhesives 
and glass yarns. 
oped and market 


North Ber 


named 


rporation 


new lamp 


Unique application of new and old 


materials gives the lamp this safety-glass 


ruggedness The 


| 
RlAaSS 


bulb consists of a 


shape wound 


Reproduces 


The making of what are believed to be 
accurate models of the moon 


with Cont. px 


i 


the most 
in existence today was given a big boost 
by Silastic” RTV, the fluid silicone rub- 
ber that cures at room temperature. 


By pouring Silastic RTV over his original, 
painstakingly constructed model, Mr. Wil 
“the 


dimensionally 


liam Benton, moon man”, obtained 


flexible and 
that perfectly duplicate the extremely fine 


stable molds 


details of the original. Polyester resins are 


RTV 
these accurate moon models 
RTV 
it with a catalyst and pour 


cast in the molds to make more of 


Silastic Simply mix 


Is easy to use 
The mix flows 


freely, filling every hairline. After a few 


SILICONE PAINT 


New Finish For Hot Spots 


high as 


Metal products of all descriptions can 


now be made to stay new looking 


longer even when subjected to hot 


operating temperatures or to the dete- 


” 


riorating effects of weathering. How? 


By using protective coatings and 


finishes formulated with Dow Corning 


silicone resins. 


Colored product finishes based on these 


semi-inorganic resins won't crack or blister 


Fine Detail 


hours at room temperature, you have a 


flexible silicone rubber mold that strips 


readily. You're ready to start casting! 


Flexible molds for producing prototype 


plastics, waxes or low 


quick 


Circle 


parts in plaster, 


alloys are and 


RTV 


melt inexpensive 


with Silastic No. 241 


even up to 


600 F 


temperatures as 


Gloss and color are retained even 


though constantly exposed to sunlight or 
Result 


customer 


corrosive atmospheres longer 


life, and increased satisfaction 


New 


dine 


silicone-alkyd baking enamels com 


ease of application with flexibility 


and toughness. Using these enamels, it’s 
frequently practical to paint-before-forming 


Baking 


Standard painting 


metal parts cycles are consistent 


with practices 


Full range of colors, too. Silicone-based 
Z 


paints can be pigmented almost any hue 


Available now from many paint manufac 
could help 
changes in your quality 


turers, silicone-based paints 


make important 
more information 


No. 242 


and profit picture. For 


and names of suppliers, circle 


based on new Dow Corning resin 


Paint 
takes a 180° bend on a 4” mandrel with- 


out crazing, checking, or peeling. 
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new literature 
on silicones 


Silicones in Appliances can give that extra edge 
This rf booklet tells here 


designed int 


You And The Silicones a 30-minute, full color 


asting Resin! 
movie lets you see silicones in action. It’s an 





encompassing, dramatic documentation of de 


© signers’ adaptations of these versatile engineer 
nw 1g materials in different applications. For infor 
mation about arranging for a free showing 


st No. 247 


to investigate a unique new silicone 


resin that cures to form a tough, trans 


Syleard® 182, this of § LIGHT BULB 


new solventless silicone resin is supplied 


parent mass. Named 


as an almost colorless liquid After 
blending with its curing agent, it’s a 


simple matter to pour it in place 


lamescent 

is ideal for 

genting Duro 

new bulb for use 

ind commer 

bulb may come 

ing sparks, welding 

yut if solder, water, and many other 


No. 243 | attacking conditions No. 244 
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Coefficient of Expansion vs Temperature 
for Low Expansion Materials 


ariation of coefficient of expansion th tem 

_ I —_ , 
low expansion materials. It is intended as an aid 

07 optical instruments where consideration must 
ferential «¢ pansion between glass elements and their 
wance necessary to minimize movement and 


cu te to changes in length with temperature. 


Prepared by Charles Eumarian, Mechanical Div., General Mills, inc. 
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Up Another 1000° to 


Complete high temperature instrumentation by 
RIEHLE “warms up” to new research challenges 


CREEP AND STRESS Now RIEHLE offers you ready-to-operate systems for testing physical 

RUPTURE TESTING MACHINES properties of materials up to 5000° F, 4000° F, 3000° F and other 
lower temperatures incorporating all of these components: 

HYDRAULIC FATIGUE 


TESTING MACHINES 1. BASIC TESTING MACHINE 


2. STRAIN MEASURING INSTRUMENTATION for atmosphere 


controlled atmosphere furnaces and vacuum furnaces 


HYDRAULIC UNIVERSAL 
TESTING MACHINES 

3. COMPLETE HIGH TEMPERATURE ACCESSORIES including 
UNIVERSAL SCREW POWER furnaces, temperature controllers, vacuum pumps, extensometers and 
TESTING MACHINES a complete line of related instrumentation 


RIEHLE is your ONE source for complete strain measuring instrumenta- 
tion from room temperature snap-on extensometers to dual range instru- 


ments and highly sophisticated vacuum furnace extensometers. 


Save time on vital projects. Contact RIEHLE now about your require- 


ments for physical testing at elevated temperatures. Write Dept. MDE-661 


_Riehle 


American Machine and Metals. Inc 


EAS 


Worth a Thousand Expert 


Divisions of American Machine and Metals, Inc 


For more information, turn to Reader Service card, circle No. 327 


152 « MATERIALS IN DESIGN ENGINEERING 





PRICES Sega 








..- AT A GLANCE 


Price of copper has been increased 2¢ per Ib to 31¢ by the major producers and 
smelters. Last winter copper prices were reduced 1¢ per lb to 29¢ (M/DE, Feb ’61, 
p 129). 


Availability of two new refractory materials—hexaboron silicide and tetraboron 
silicide—has been announced by Allis-Chalmers Mfg. Co. The two silicides are sold 
as black, microcrystalline, free-flowing powders. Prices range from $35 to $50 
per lb. See p 9 for more details on the two materials. 


A new supplier of beryllium metal is Beryllium Metals & Chemicals Corp., formed 
by Alloyd Corp. and Lithium Corp. of America. The new company will do beryllium 
research and produce high purity metal and beryllium chemicals. 


A price cut on beryllium metal powders has been announced by Brush Beryllium 
Co. Price of virgin powder has been reduced from $71 to $62.50 and blended powder 
from $64 to $54 per lb in lots of 20,000 lb or more. 


Price reductions on polyester and nylon fibers have been put into effect by 
Du Pont. Price cuts for Dacron polyester fibers range from 7 to 17¢ per lb and 
nylon from 4 to 15¢ per Ib. 


Commercial production of columbium mill products has been announced by 
Du Pont. A new plant in Baltimore is producing the metal and its alloys in the 
form of sheet, strip, plate, bars, tubes and other shapes. Price for the mill products 
averages $60 per lb. The new plant is designed so that tantalum, tungsten and 
molybdenum can be produced in the future. 


A new supplier of polypropylene is W. R. Grace & Co. The company will market 
polypropylene produced in a new plant being built at Neal, W. Va. by Novamont 
Corp., a subsidiary of Montecatini. The plant will have an initial capacity of 25 
million pounds and will go on stream the third quarter of this year. Chemore Corp., 
Montecatini’s U. S. representative, will also sell polypropylene produced at the plant. 


Price of tellurium has been increased $1.25 per Ib by American Smelting & Refin- 
ing Co. and American Metal Climax. Other major producers are expected to follow 
with similar price increases. New price is $5.25 per lb for commercial grade (99.7% 
pure). 


Production of nine high purity metals—antimony, arsenic, bismuth, cadmium, gold, 
indium, selenium, silver and tellurium-—has been increased and put on a commercial 
scale by American Smelting & Refining Co. Purity of the metals is more than 
99.999 %. 
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Advanced metalizing and brazing techniques at Coors now produce bond 


strengths better than 15,000 psi. Test parts, as shown above, are being considered 
for standard ceramic-to-metal test specimens by ASTM. These Coors test parts 
are run with each group of customer parts to guarantee specifications. Coors is 
presently metalizing and brazing parts of large mass and complex design, using 
these high strength techniques. For the newest techniques in high temperature, 
high strength ceramic-to-metal assemblies, write for Technical Data Sheet No 
0500, “How Ceramic-To-Metal Seals Are Made’’—or call your nearest Coors 


Regional Sales Manager: west Coast, §. Smith, Jr.. EM 6-8129, Redwood City, Calif 
Mipw lohn E. Marozeck, FR 2-7100, Ch go, fl CenTRaL, Donald Dobbins, GL 4-9638, Canton, Ohio 
East Coast, John J. McManus. MA 7-3996. Manhasset. N.Y New ENGLAND, Warren G. McDonald, FR 4 
Schene x HWE Kenneth R. Lundy, DA 7-5716, Dallas, Texas; Soutuwest, William H. Ramsey, 


m 


0663, 


UN 4-6369, Houston, Tex 





DETAIL OF 
METALIZED AREAS 


ALUMINA CERAMICS 


Coors Porcelain Co., Golden, Colo. ON TERMINAL 


For more information, circle No. 439 








(cont'd from ptl24) 


causes wide openings that allow 
gases or liquids to attack that 
much deeper in the wood. Splits 
or shakes should be avoided in 
good construction. 

Checks, or minor splits, caused 
by drying usually close up when 
moisture is present. They are 
usually not detrimental unless 
they are excessively deep and 
wide. 

Resin-impregnated woods 

Impregnants based on a variety 
of synthetic resin systems, prom- 
ise substantial improvements in 
life of wood tanks and equipment. 
Resins are applied by a vacuum 
and pressure process and then 
cured, making the wood resistant 
to hot and highly corrosive chem- 
icals that are detrimental to wood 
in its natural state. 

For example, Arrow Tank has 
developed an acid-modified phenol- 
ic system in an alcohol and water 
medium, called the “KO” series. 
The impregnated wood is baked 
at 150-160 F to cure the resin. 
Blocks of California redwood 
treated in this way were im- 
mersed in 25% sulfuric acid at 
120 F and agitated violently for 
58 hr, then permitted to stand for 


& DESIGN 


336 hr. The treated block showed 
no shredding, no loss of wood 
fiber, no swelling and only slight 
softening. An untreated block sub 
jected to the same _ treatment 
showed loss of wood fiber and se 
vere shredding. 

Other impregnants such as 
monomeric solutions of furfury! 
alcohol with an incorporated cata- 
lyst are used with considerabl 
success. Such impregnants thor 
oughly penetrate the wood cell 
structure providing excellent 
chemical resistance. 

At present the cost of impreg- 
nated lumber is high. Continued 
research and process development 
should bring the cost down to a 
more widely competitive range. 


Author’s Note 


Further information on rules covering grad 
ing of lumber can be obtained from t 
lowing organizations 
Tidewater red cypress: Southern Cypr 
Mfg. Assn, 
Yellow or deep swamp cypress: N 
Hardwood Lumbermen’'s Assn 
Pine: Southern Pine Inspection Bureau 
California redwood California Redwood 
Assn, 
Douglas fir West Coast Lumbermen \ 


This article was adapted from a pat 
sented at a meeting of Niagara Front 
Section, National Assn. of Corrosion Er 
neers, May "59 


Quenching Strengthens Copper-Babbitt Bonds 


Immediate quenching is said to 
strengthen the bond between copper 
and babbitt by reducing the thick- 
ness of a tin interface layer that 
penetrates the eutectic matrix of 
copper-tin and tin. 

Tensile tests of specimens made 
with this technique broke them in 
the babbitt, not in the joint, accord- 
ing to S. Rosenbaum, Research and 
Advanced Development Div., Avco 
Corp.* 

Interface formations studied 

The problem of bonding copper to 
babbitt may be erroneously consid 


ered routine because it is the usual 
soldering procedure to wet copper 
with tin-rich alloys, Rosenbaum says 

The interface formation was in 
vestigated in a series of tests that 
considered: 1) the effect of varying 
casting temperature while maintain 
ing a fixed preheat temperature; 2) 
varying the preheat temperatur: 
while holding the casting tempera 
ture constant; and 3) increasing the 
cooling rate. 

The procedure was as follows: 


Now chief metallurgist, Engineered Metal 
Co. 


flectrafilm 


CORROSION 
RESISTANT 


Electrofilm 


wens 


HARD MATERIALS 
HIGH LOADS 
to 225,000 psi 


net tammmwmnse * 


Electrofilm 
1000 


see am cenercent 
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PROVEN 


SOLID FIL™ 
LUBRICANTS 


Electrafilm 


Electrafilm 


HIGH SPEEDS 
to 30,000 rpm 


ALUMINUM 
MAGNESIUM 
SOFTER 
METALS 


We proudly present 
the First Family of 
Solid Film Lubricants, 
each formulated and 
performance proved to 
solve your lubrication 
problems 


Send for detailed technical data 


NATIONAL PROCESSING FACILITIES TO 
SERVE THE NATIONAL NEEDS OF INDUSTRY 


For more information, circle No. 395 
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& graphite’... 
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for High Temperature Work—As bearings or seal 
rings, several specially-formulated Stackpole 
grades provide long life and low friction up 
to 1200°F—temperatures where more costly 


and exotic materials often fail 


for High-Speed, Uniubricated Uses—in terms 


of life, maximum speed, and low friction, 
Stackpole carbon & graphite offer many per- 
formance dividends over even more costly self- 


lubricating bearing and seal ring materials 


Handling Chemicals & Gases—Iinert Stackpole 
carbon & graphite resist attack in all but the 
most highly oxidizing atmospheres at normal 


temperatures. 


Under Thermal Shock—Stackpole carbon and 
graphite materials will not spall, crack, melt 


or seize in difficult refractory applications 


Stackpole Carbon Company, St. Marys, Pennsylvania 


PUMP VANES « VOLTAGE RE 
BRUSHES FOR ALL ROTAT 


ANODES -« 
CERAMIC MAGNETS - 


RS « DE WITCHES © and many othe 


For more information, turn to Reader Service card, circle No. 359 
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Electrolytic tough pitch copper bars 
were placed in indi 
The molds 
until the 
preheat 


poli shed and 


idual graphite molds. 
furnace 


desired 


were heated in a 
reached the 


At 
nned and melted babbitt 


coppe 
temperature. that time, the bars 
were ft was 
poured in, 

the 
ooled bars. The casting temperature 
the air 
cooled specimen (11,250 psi) was 950 


Tensile tests were run on 


that produced 


strongest 


temperature of 
temperature 


F with a preheat 
0 F. When casting 
held at 940 F, preheating at 


00 F gave the (11,075 


was 
best result 


ps } 


Quenching reduces tin film 


It was reasoned that bond strength 
yuld the 


thickness of the interface copper-tin 


probably be increased if 


ayer could be reduced; and that its 


thickness was probably influenced 


by cooling rate, preheat temperature 
and casting temperature. 
In a third test, 


preheated 


specimens 
cast at the 
875 F, 


were 
and 
(500 F and 
y) found to give maximum strength, 
and then quenched immediately after 


tempera 


tures respective- 


Cross section of weak copper-to- 
babbitt bond (top) shows thick tin 
interface. In strong bond (bottom) 
the thinner. The 


at the top of 


tin film is much 


copper base is shown 


hoth photographs. 





NEW FROM DUPONT... 


a thermoplastic 
“Teflon” film that’s 
easy to fabricate 


TEFLON FEP FILM 


New “TEFLON’’* FEP-fluorocarbon film has nearly all the 
unique advantages of ““TEFLON” TFE with one big plus. It’s a 
true thermoplastic that can be easily formed and sealed. One 
type of this new film can be applied with adhesives, another 
can be laminated and heat-bonded without them. 


on 


Here are just some of the advantages of ““TEFLON”’ you get 
in this new film ¢ Unique antistick and low-friction properties 
¢ Chemically inert to practically all known chemicals @ Elec- 
tricals are high (up to 4,000 volts/mil dielectric strength) and 
stay high @ Performance stays virtually constant from —250°C. 
to over 200°C. 


“TEFLON” FEP film opens the door to whole new areas of 
design and product improvement. Mail coupon and start in- 
vestigating ““TEFLON”’ FEP film for yourself. (Briefly describe 
the end use you have in mind.) Cin Sent ene 


*16 us var ort 


BETTER THINGS FOR BETTER LIVING 
THROUGH CHEMISTRY 


E. I. du Pont de Nemours & Co. (Inc.) 
Film Department 9531-N (T) 
Wilmington 98, Delaware 


Name 





Company Name 





Address 








Job Function 





Proposed End Use 





Find out about cementable “Teflon” FEB film at the Plastics Show, Booth #1024 


For more information, turn to Reader Service card, circle No. 372 





To prevent corrosion and anchor paint on aluminum 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE « OVER 250 SERVICE MEN « OVER 160 MATERIALS 


casting. Tensile strengths ranged 
from 11,090 psi to 12,580 psi with 
reductions in cross-sectional area 
from 4.3 to 7.6%. Structures of a 
strong and a weak bond are com 
pared in the micrographs. 


Radar Lens Made from 
Foam-in-Place Epoxy 


A plastics lens that concentrates 
wideband radar signals in much the 
Same way as a convex glass lens 
focuses light has been developed for 
airborne doppler radar systems. 

A foam-in-place epoxy resin rein- 
forced with glass fibers and alumi- 
num was developed by the Non-Me- 
tallies Section, Manufacturing Re- 
search, Republic Aviation Corp., for 


Protect aluminum at lowest unit cost the lightweight lens. The fibrous 
glass addition contributes to the 


with CHROMICOAT conversion coatings nee tee alee, ane eee 


filling is used to control the dielec- 
tric constant. 
Oakite CHROMICOAT is an economy any way you look at Sue peastecty controlled mbatnns 
is foamed in an aluminum mold and 
it: on the basis of price alone. . . on ‘solution make- up and cured at 200 F for 14 hrs. After 
“mileage’’...on the way it blocks corrosion and forms posteuring for 12 days at 250 F, the 
lens is machined to * 0.005 in. Flat- 
ness is held to 0.002 in., and die 
and satisfied. lectric constant is held at 2.54 + 
This is a conversion coating you can depend on. Oakite 0.1 at 9800 me. Density is only 15-30 
ChromiCoat protects for hundreds of hours under the ordeal lb per cu ft. 


of salt-spray tests... and surpasses MIL-C-5541 specs several 


a perfect anchor for paint to keep your customers sold 


times over! 
And the Oakite process is simplicity itself. No control 
problem. A thin, golden, uniform coating every time. 
ChromiCoat is just one of a line of more than 30 Oakite 
materials designed especially for aluminum. There are etch 
and non-etch cleane rs... barrel finishing compounds . . . 
safe paint strippers... forming lubricants. 
For more information, ask your local Oakite man or Gaia tak Ga Wen 
write to Oakite Products, Inc., 45B Rector Street, New place epoxy resin with metal and 
York 6, N. Y. fibrous glass filler. 


it PAYS to ask Oakite 


Investment Cast Bracket 
for Jet Landing Gear 


OAKITE A critical, load-bearing bracket 
: for a jet landing gear is now being 


investment cast, instead of forged 
and machined, at a saving of ap- 
, proximately $1000 per part. 
Est. 1909 ry 
Coenen The unit, called an uplock bracket, 
years’ leadership in industrial cleaning is attached to the side brace on each 


For more information, turn to Reader Service card, circle No. 337 
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>. « Versotility 


fool Steel Fopies 


Air-4 Blanks and Draws 
Bread Slots in GE Toaster Shell 


This blanking and drawing die, made 
from Bethlehem Air-4 tool steel, 
forms bread slots in .030-in. steel 
sheet for a General Electric auto- 
matic toaster. Hardened to Rockwell 
C 59, the die sections were made by 
Yarema Bros. Tool & Die Co., Allen- 
town, Pa. They were pleased with 
Air-4 for two reasons—minimum dis- 
tortion during heat-treatment, and 
easy machinability. 


Hardens in Air at 1550 F 
One of the big advantages of Air-4, 
Bethlehem’s new free-machining me- 


dium-alloy tool steel, is its ability to 
harden in air at low temperature 

about 1550 F. Air-4 has excep- 
tional free-machining characteristics 
because just the right amount of lead 
has been added. It has high wear- 
resistance, excellent toughness, and 
deep-hardening properties — every- 
thing you need for economical tool 
service. 

Our booklet on air-hardening steels 
includes full data on Air-4. For your 
copy, write to Publications Depart 
ment, Bethlehem Steel Company, 
Bethlehem, Pa. Ask for Booklet 548. 


BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


Lehigh H Is the Work-Horse 
Of the Cold-Extrusion Industry 


Bethlehem’s Lehigh H, a high-car- 
bon, high-chromium (AISI type D-2) 
tool steel, is the most widely used 
tool steel in the cold-extrusion in- 
dustry. And for good reasons. Lehigh 
H has an unusually good combination 
of properties: high compressive 
strength, deep hardenability, and 
high resistance to wear. 

Lehigh H is used for a wide vari- 
ety of cold-extrusion tools, such as 
punches and mandrels which are sub- 
ject to compressive loads or abrasion. 
Whenever it is used for containers, 
bushings, or similar parts which are 
subjected mainly to tensile loads, it is 
supported by an external shrink ring. 

Cold-extrusion tools of Lehigh H 
are usually made to a hardness of 
Rockwell C 58-60. Occasionally they 
are tempered back to C 55 to avoid 
breakage. Using a hardness above C 
60 is not recommended, because such 
a hardness is obtained only at a sacri- 
fice of proper tempering. 


“ee ai ae | 


COLD-HEADING DIE STEEL 
SPEEDS HEADING OF SCREW BLANKS 
These gripper dies are used by South- 
ern Serew Company in forming 
blanks from steel wire. The dies, made 
of Bethlehem Cold-Heading Quality 
tool steel, produce about 150,000 
blanks before redressing is required. 
Bethlehem Cold-Heading steel resists 
shock because it is carefully con- 
trolled for hardenability. It also has 
a carbon range selected to give good 
wear-resistance and high toughness. 


For more information, turn to Reader Service card, circle No. 387 
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gETHIEHEY 
STFEL 


= 
DURALOY 
oe] 


Covered by U.S. Patenws 


Do your high alloy castings show a ten- 
dency to sag at 1800 to 2200°F? Is the 
operation important enough to use an 
alloy that stays firm at that temperature 
range? 


Then HOM is your casting requirement. It would take an 
unusually heavy load to deform this metal. It was developed 
by Duraloy metallurgists to be usable over that high tem- 
perature range—another milestone in the ever broadening 
services available to industry through Duraloy. 

Why not discuss your extra high temperature problem with 
our metallurgical staff? Send for Bulletin G-159. 


URALOY 


OFFICE AND PLANT: Scottdale, Pa. 
EASTERN OFFICE. 12 Eost 41st Street, New York 17,N.Y 
CHICAGO OFFICE: 332 South Michigan Avenue 
DETROIT OFFICE: 23908 Woodward Avenue, Pleasant Ridge, Mich 


For more information, turn to Reader Service card, circle No. 366 
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Convair 990 main landing gear 
strut. The bracket is subjected to re- 
peated loads of at least 36,000 Ib 
during retracting; and, during 
flight, to continuous vibrations and 
varying G loads. 

According to K. H. Pierce, vice 
president of Precision Castparts 
Corp., the part was formerly forged, 
and heat treated to a tensile strength 
of 200,000 psi to assure close dimen- 
sional control, then hogged out. As 
more than half of the original 
weight had to be removed from the 
forging, its hardness made the ma- 
chining cost prohibitive. 

Casting the bracket from stainless 
steel not only minimizes machining 
but, more important, improves its 
properties. The casting’s uniform 
strength made it feasible to design 
the bracket to meet a wide variety 
of stress, load and vibration resist- 
ance requirements. 


investment cast bracket is com- 
plex in design. The 25-lb casting re- 
places a forged and machined part. 


Ultrasonic Transducer 
is Coated Ceramic 


A new piezoelectric transducer 
that converts high frequency micro- 
wave signals into ultrasonic pulses 
and vice versa is expected to great- 
ly increase the capacity of computer 
memory delay lines. 


Gallium arsenide used 


The new device consists of a plate 
of gallium arsenide semiconductor 
on which a thin (approx 0.00015-in.) 
metal film has been deposited. The 
film, in contact with the semicon- 
ductor, forms a “depletion layer,” 
ie., a thin region of controllable 
high resistance. 

When an a.c. voltage is applied, 
most of the voltage drop occurs 
across the thin depletion layer. Con- 
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wheels 


WITHOUT OBLIGATION, WE'D LIKE TO FIND 
OUT WHAT FIRESTONE’S TECHNICAL SERV- 
ICE MAN HAS TO OFFER US. = FMR-FR31(1) 


Mulling over a design problem that calls for more than ordinary 
rubber? Your Firestone Technical Service Man compounds rubber 
for precision seals that stand up to oils and other solvents —for load- 
bearing industrial wheels that can’t crack in cold weather—and for 
thousands of other special purposes. And he can engineer the rubber 


compound to fill your bill, whether it’s for specific abrasion, corrosion, 





ments. Your Technical Service Man also creates rubber compounds 





that replace costlier materials. And Firestone’s high-volume, high- : 
Company 


accuracy production facilities are at your service, too, to carry the 


job right through to its final stage within strict cost limits. Details? 





Just fill out and mail the coupon—without obligation, of course. Product Manufactured 


Copyright 1961, The Firestone Tire & Rubber Company 
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high or low temperature resistance or for a combination of require- Name and Title 
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y) Address 


a al a de tone FIRESTONE 
" GF: | | 
J t rest VEN PRODUCTS CO. city 


' Rubber & Latex Products Company Box 2290, Fall River, Mass. 
Fall River, Massachusetts State 





“\ 
| 








For more information, turn to Reader Service card, circle No. 424 


JUNE, 1961 ¢ 161 





SAVING WEIGHT | R/M ASBESTOS- 


IN 
TITAN MISSILES: 


A new combination of high-heat ma- 
terials, perfected by R/ M, has reduced 
the weight of sensor tubes which help 
determine fuel load in Titan missiles. 

These tape-wrapped tubes, 4 in. ID, 
12 ft. long, weigh less than 0.67 Ib. per 
foot—a substantial weight saving over 
any competitive tubes which meet the 
temperature, fuel compatibility, and 


TEFLON” 
SENSOR TUBES 


strength/weight ratio requirements. 

This is but one of the many applica- 
tions in which R/M specialists are 
using their extensive “Teflon” experi- 
ence to help missile and airframe man- 
ufacturers solve weight, compatibility, 
temperature and strength problems 

Write direct or call your nearest 
R/M district office listed below 


*Registered TM for Du Pont fluorocarbon resins 


PLASTIC PRODUCTS DIVISION 


RAYBESTOS-MANHATTAN, INC. 


BIRMINGHAM | © CHICAGO 31 


Manheim, Pa. 
* CLEVELAND 16 © DALLAS 26 © DENVER 16 © DETROIT 2 


HOUSTON | « LOS ANGELES 58 « MINNEAPOLIS 16 « NEW ORLEANS 17 PASSAIC © PHILADELPHIA 3 
PITTSBURGH 22 © SAN FRANCISCO 5 © SEATTLE 4 © PETERBOROUGH, ONTARIO. CANADA 


SPECIALISTS IN ASBESTOS, RUBBER, ENGINEERED PLASTICS, SINTERED METAL 


For more information, turn to Reader Service card, circle No. 357 
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sequently the strength of the elec 
trical field is very high; strong 
alternating stresses vibrate the crys 
tal and produce ultrasonic pulses. 


Longer delay times 

Up to now, useful ultrasonic waves 
in solids could not be generated or 
detected at microwave frequencies. 
The high efficiency of the new trans- 
ducer compensates for the solid’s re- 
sistance to the waves and makes 
possible delay lines with longer de 
lay times, 

D. L. White, Bell Telephone Lab- 
oratories, described the new trans- 
ducer at the Institute of 
Radio Engineers convention. Accord 
ing to White, a pair of the units can 
store far more information in a 
quartz delay line than is possible by 
other means. Another possible appli- 
cation is for studying the acoustical 
materials at high 


recent 


properties of 
ultrasonic frequencies. 


Above 10,000 mc planned 


Present models of the new trans 
ducer operate at less than 1000 mc, 
but Bell Laboratory scientists expect 
to extend the range to above 10,000 
me, where such devices should be far 
more efficient than any previous 


type. 


% 


fs | 
Ultrasonic delay line for computer 
memory circuits. The two gallium 
arsenide traneducers are bonded to 
each end of the 1-in. long quartz 
crystal delay line (top). The assem- 


bly is encased before installation. 





For high strength without excessive weight, the designer of 
this heavy truck chose Tenzaloy for the front engine supporting frame. 


Why TENZALOY is the most widely used 
high-strength aluminum casting alloy 


Among high-strength, self-aging aluminum casting alloys, Tenzaloy has 
won greatest acceptance and widest use by designers because of its unique 
all-round combination of properties. Outstanding among these special 
qualities are: 

e High yield and tensile strength, combined with adequate ductility 

e Exceptional machinability 

e Remarkable dimensional stability 


e High impact, shock resistance 
When Tenzaloy is specified, one big problem is eliminated: heat treatment. 
Without any artificial thermal treatment, Tenzaloy castings will pre- 
cipitation-harden at room temperature to give properties normally obtain- 
able only by the expensive solution treating, quenching, and artificial 
aging of the heat-treatable alloys. 

Here are typical properties for Federated Tenzaloy: 


eo I. Oo Se eee 
Yield strength sisoensivelniibehedatiesepdnen tivetannnteen-nessgitetitisaisieieniaaitaaa mannan 
Elongation (in 2 in.) 5% 
Brinell hardness No. 
Impact strength (Charpy in ft.-lbs.) : 

Notched 

Un-notched 
BREEN MUMINOU GED sctceeuescusecentadss socnassareouvthinabscpacnseosseacuauntereaonaeeitan ae 
Tenzaloy also is corrosion resistant, has superior ductility, and is easily 
anodized, dyed and polished to brilliant decorative finishes. Castability is 
excellent in green sand, plaster, investment, shell, oil-bonded sand and 
precision molds of all kinds. No special techniques are required for handling 
Tenzaloy in the foundry. Since Tenzaloy has mechanical properties equiva- 
lent to such common heat-treated alloys as 195T6, 355T6, 356T6 and 319T6, 
it can be substituted in applications where any of these heat-treated alloys 
are presently used. 
It is particularly suited to high-strength designs where load carrying 
capacity and impact strength are essential. For example: frames, brackets, 
levers, bases, housings, missile ground handling equipment, jet aircraft 
turntables, explosion-proof enclosures, heavy-duty wheel hubs and cable 
drums, to name a representative few. 
Tenzaloy can widen your design possibilities, increase production effi- 
ciency, improve your products, reduce costs. Get complete facts on its 
physical and mechanical properties by writing for Bulletin No. 103 R5 to: 
Federated Metals Division, American Smelting and Refining Company, 120 
Broadway, New York 5, N. Y 


FEDERATED METALS DIVISION ~ ASARC 


American Smelting and Refining a aa 
120 Broadway, New York 5, N. 


For more information, turn to Reader Service card, circle No. 329 





Complete ductwork system of new Humble Oil Building is... 


oF > 
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< 
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GUARDED BY GALVANIZED STEEL 


When this handsome Humble Oil office building in Houston, 
Texas, is finished in 1962, it will be the tallest building 
west of the Mississippi River. All 44 floors will be served 
by galvanized steel ductwork. That’s 700 tons of skin-tight 
zine-coated steel—a combination of tough durability and 
excellent corrosion protection with the broadest economy 
east or west of the Mississippi River. Galvanized steel’s 
economy starts with fabrication, coatinues with erection 
and installation and is perpetuated in what little mainte- 


nance is required after that. 


MIDWEST STEEL 


Portage , Indiana 


WEIRKOTE® IN PARTICULAR!—That’s the choice of 
Mr. Harold W. Looney, owner of Looney’s of Texas, Inc., 
sheet metal contractor, for all 700 tons of ductwork in 
this new building. To the inherent strength of steel—to its 
economy, versatility and advantageously low expansion 

contraction rate — Weirkote adds flawless fabrication and 
long-lasting corrosion protection. Chip-free, crack-free, 
peel-free Weirkote is manufactured by two National Steel 
divisions, Weirton Steel and Midwest Steel. Write Weirton 
Steel Company, Weirton, West Virginia, for further details. 


WEIRTON STEEL 


Weirton, West Virginia 


divisions of 
NATIONAL STEEL CORPORATION 


For more information, turn to Reader Service card, circle No. 346 
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(cont'd from p 15) 


graph. Normal] forging practice, 
in which the billet is heated, 
carried to the forging press and 
then forged, trimmed, and coined 
in separate operations, produces 
300 links per hour. 

With AmForge Div.’s automatic 


Crawler tractor link weighs 5.5 lb, 
is produced at the rate of 720 links 
per hr. 


press, links are now produced at 
the rate of 720 per hr, and pro- 
duction of 1200 per hr is 
anticipated. 

The track link is a good example 
of the type of part to consider 
for automatic forging. It meets 
the requirement for relative sim- 
plicity and is produced in such 
large numbers—the forging in- 
dustry produces ten million track 
links each year for original equip- 
ment manufacturers—that the 
long production runs required 
(15,000 to 20,000 mini- 
mum) can easily be set up. 

Automatic forging eliminates 
the need for tong hold space, 
leading to a second important 
advantage. Weight of the billet 
needed to produce the track link 
is reduced from 6 lb, 15 oz to 
6 lb, 9 oz, a considerable saving 
in material when measured against 
ten million production units. 


pieces, 


Plastics Laminates for Electronic Parts 


Four new plastics laminates have 
been introduced recently. Two of the 
laminates are epoxy-glass types, one 
is phenolic-paper, and the other is 
epoxy-paper. 

1. Epoxy-glass laminates 

An epoxy-glass laminate with a 
thickness tolerance of +0.004 in. 
over 100% of the area on 1/16-in. 
thick sheets is available from For- 
mica Corp., 4614 Spring Grove Ave., 
Cincinnati 32, Ohio. The laminate, 
called FF-91, is said to exceed the 
Class II tolerances of military speci- 
fication MIL-P-13949B. The laminate 
is recommended as a plug-in connec- 
tor material for electronic computers. 
It is supplied in 36 by 42-in. and 36 
by 84-in. sheets with copper-clad or 
unclad surfaces. 

Spaulding Fibre Co., 310 Wheeler 
St., Tonawanda, N. Y. has intro- 
duced a flame retardant epoxy-glass 
laminate that is said to be easier to 


fabricate than other flame retardant 
epoxy-glass grades. Called G-10-839, 
the laminate is supplied in 40 by 48- 


Epoxy-paper laminate developed by 
Westinghouse’s Micarta Div. 











| Scott 
| METER Electronic Weighing gives you a far 


TEST 


HIGH-LOW 
ELONGATION WIRE MATERIALS 


VERSATILITY AND ECONOMY are key 
features of the Scott Model CRE Electronic 
Tester. You get ultra-high accuracy of iner- 
tialess electronic weighing . . . plus effortless, 
error-free, push-button testing of wire prod- 
ucts at amazingly low cost! Stress-strain 
information “picturized” on strip chart. 
Ample magnification for detailed analyses of 
wire, insulation sheath, cable components. 
Interchangeable test capacities to 1000 Ibs. 
For facts on Model CRE Tester, write 
Scott Testers, Inc., 65 Blackstone St., Prov., 
R. I. Tel: DExter 1-5650 (Area Code 401). 


SCOTT 
TESTERS 


Twe Suee TEST scorn 





TENSILE TEST CAPACITIES 
to 2000 LBS. 


Model J-5 Tester with ACCR-O- 


greater range of quality evaluation for wire, 
insulation sheath, and cable components — 
and at modest cost! ACCR-O-METER strain 


| gage weighing features interchangeable force 
| dividers . . . provides for full scale test capac- 
| ities of .5 to 2000 Ibs. Push-button testing for 


both high and low elongation materials. 
Stress-strain information “picturized” on strip 


| chart. Ample magnification for detailed test 
| analyses. For top testing convenience, econ- 


omy, versatility . . . get facts on ACCR-O- 
METER. Scott Testers, Inc., 65 Blackstone 


| St., Providence, R. 1. Tel: DExter 1-5650 


(Area Code 401). 


SCOTT 
TESTERS 


THE SumEe TEST 





scorm 
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For almost every 
hardness testing requirement 


There’s a Wilson “Rockwell” 
instrument to do the job 2 ae 


G oe 
Wilson “Rockwell” Hardness Test- Wilson ‘‘Brale” a aA Steet 

ee can help —_ your — Diamond Penetrators | 2. Phenolic-paper laminate 
etter, stronger, longer lasting. 

They give reliable results on the give Perfect Readings A new phenens nna hagas ge de- 
production line, in laboratories, in A perfect diamond pen- veloped by Richardson ¢ me 24 Lake 
tool rooms, and in inspection de- etrator is ntial to | St., Melrose Park, Ill. for use in its 


partments. They’re as easy to use accurate testing. Only new phenolic-paper laminate that is 
as a center punch, as durable as a flawless diamonds are 
machine tool, as sensitive and ac- used with Wilson 
curate asa precision balance. That’s “Brale” penetrators. 
why Wilson “Rockwell” is recog- Each diamond is cut to 
: . ’ — parm oa oye dia ducibility from shipment to shipment 
a. - 
Write ior Catalog RT-60. mond—one by one—assure you 
It gives complete details on of accurate hardness testing 
the full line of Wilson hard- every time. 
ness testing equipment. 


said to provide exceptional cold 
punching characteristics. 

Called Insurok T-755, the new 
laminate has long shelf life, good 


It is expected to be used for printed 
circuits, terminal boards and other 
electrical and electronic parts. 

The laminate is available unclad 
in 36 by 42 in. sheets and clad in 37 
by 37 in. and 37 by 42 in. sheets. 

KEY NO. 611 





3. Epoxy-paper laminate 
unnnene wees | A new copper-clad epoxy-paper 
for most hardness i j laminate is designed for printed cir 
nay testing functions cuit and other electronic applications 
of “Rockwell” and requiring high strength and consist- 


Fa = A | ent electrical properties over a wide 
range of humidity levels. The lami- 

nate, designated Grade 65M24, is 
available from Westinghouse Electric 
Corp., Micarta Div., Hampton, S. C. 
According to the producer, the new 
epoxy-paper laminate withstands a 
wider range of humidity levels than 
do the better grades of phenolic 
paper laminates. The new grade costs 
less than NEMA G-10 and G-11 
epoxy-glass laminates. It is supplied 
in sheets 36 by 36 in. and 36 by 72 
in., in thicknesses ranging from 
1/32 in. to 1/4 in. KEY NO. 612 


ite ai ee oe tl oe 


- 





Eiectrical Explosions 
Shape Exotic Metals 


Low cost shaping of such hard-to- 
form metals as molybdenum, colum- 
bium, titanium, tungsten and stain- 

: : less steel may be possible by using 

AUTOMATIC— semi and fully automatic controlled electrical explosions. 
prem ybmerary heen Under development at General 
Electric Co.’s General Engineering 
vy ~ Laboratory, Schenectady, | mm & the 
wi LSON ROCKWE Li new process is described as “capaci- 
tor discharge electro-spark forming.” 
No dynamite, TNT or other chem- 

HARDNESS TESTE Wwe ical explosives are used. 
Wilson Mechanical Instrument Division ‘ Shaping done under water 


American Chain & Cable Company, Inc. A The explosions occur under water 
230-E Park Avenue, New York 17, New York and are induced entirely through a 
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SCANNING 
BRIDGE 


NiteM te) ote) Matelilekmicls 
Tihigekielalimatoh ae (-tcckailelile 


This ‘‘tailor-made’’ scanning bridge is used with 
the SONORAY® flaw detector. It holds the trans- 
ducer in the required position and also permits 
its adjustment. The transducer may be raised or 
lowered, tilted in 2 planes or moved to any posi- 
tion in the tank. 


Salient features: 
Ease of Operation 
(all controls are on one side 
and close to the operator) 
High-Accuracy Positioning 
Light in Weight, but sturdy 
Economy Priced 


The scanning bridge is merely one of many out- 
standing examples of BRANSON ingenuity. This 
bridge was designed with the customer in mind! 
It was well-engineered at the lowest possible cost. 
The next time you have a problem, call BRANSON 
and see how fast BRANSON will find the best 
solution in the shortest possible time. 


RANSON /\/\/ 
INSTRUMENTS, INC. 


Uitrasonic Test Division 
17 Brown House Road, Stamford, Conn, 


For more information, turn to Reader Service card, circle No. 324 


get the 


GOSHEN 
RUBBER 


/ 
/ IN 
/ 


0-RINGS 


/ 


/ 

* to precisely fabricate O-rings from 
selected compounds and for specific appli- 
cations only! 


When you buy or specify O-rings, be sure they 
are right for your job. GRC O-rings are pre- 
cision-molded from a wide range of natural, 
synthetic and silicone rubber compounds to 
meet the most critical requirements. What’s 
more, they’re available in a complete range of 
AN, MS, SAE and JIC standard sizes, plus non- 
standard sizes and special shapes. 


Ask for 16-page 
brochure on sizes, 
groove dimen- 
sions, compounds 
and other helpful 
information. 


3161 S. TENTH ST. ° GOSHEN, IND. 
Phone KEystone 3-1111 TWX: GOSH 8701 


For more information, turn to Reader Service card, circle No. 374 
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Diameters from 2” to 32”. 


Capacities range from 
1 quart to 100 gallons. i 


Ny 


LITY 


is built right into 
Hackney-made components 


Hackney forming methods produce strong, lightweight, seamless shells the 
cold drawn way. With smooth, clean surfaces, consistently uniform side walls 
and closely controlled tolerances, performance reliability becomes an integral 
part of every Hackney deep drawn shape or shell. 

You will find plenty of design latitude in our methods because we make 
available to you a vast assortment of dies, mandrels and related tooling to 
match your ideas. Units can be made in sizes from 1 qt. to 100 gal. Diameters 
range from 2” to 32”. Lengths may be from 4 to 5 times the diameter, or up to 
110"... working pressures to 10,000 psi, depending on diameter. 

Hackney experience and facilities can form your components in steel, mag- 
nesium, nickel, ultra-high-strength stainless steels, hot work tool steels, molyb- 
denum or titanium. Let our engineers help you work out details and suggest 
ways to improve reliability... reduce cost. For complete information, write to 


the address below: 


Pressed Steel Tank Company 


Manufacturer of Hackney Products Since 1902 
1442 South 66th Street, Milwaukee 14, Wisconsin 


Branch offices in principal cities 


CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 


Hackney 


For more information, turn to Reader Service card, circle No. 385 
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Underwater explosion induced by 
electricity is used to form titanium 
and other hard-to-form metals. 


buildup of electrical energy. The 
electrical blasts create high intensity 
shock which are directed 
against the metal pieces to be 
formed. Upon impact of the shock 
wave, the metal instantly takes the 
shape of the die into which it is 
blown. The die is evacuated to re- 
move air pockets that could cause 
the piece to have surface irregulari- 


waves 


ties. 

GE says the forming is done at 
room temperature and no preheat- 
ing of metals is needed to make 
them ductile. The pieces take on the 
shape and surface texture of the die 
into which they are exploded and re- 
quire minimum finish machining 
after they are removed. 

The laboratory has formed pieces 
up to 10 in. in dia and 3/32 in. thick 
by the new process, but forming 
larger pieces is considered entirely 
feasible. (For information on othe: 
high energy rate forming processes, 
see M/DE, July ’60, p 89.) 


Neoprene-Base Paint 
for Outdoor Uses 


A new neoprene-asphalt type coat- 
ing is designed for use on tanks, 
pipes, bridges, box car roofs, ships 
and other products exposed to out- 
door weathering. 

Called Perfecote No. 701, the coat- 
ing is available from Esbec Corp., 





your iron powder 
headquarters 


The new Alan Wood direct reduction plant 


employs the industry’s most advanced tech- 
nology. 


From it comes Iron Powder with purity and 
uniformity that offers you new design flexibil- 
ity . . . new fabricating possibilities . . . prod- 
ucts of superior quality, closer tolerances at 
reduced production costs. 


Behind this modern fifty-ton-a-day facility 
are many years of metallurgical research and 
pilot plant operation. Within its complete 
laboratory facilities, a continuing program 
of application investigation and analysis 


helps customers improve their production 
operations. 


A.W.Iron Powder can be custom blended to 
your most exacting specifications. 


Make Alan Wood your Iron 
Powder Headquarters. You'll 
like the prompt deliveries and 


the helpful Customer Advisory 
Service. 


ALAN WOOD STEEL COMPANY 


CONSHOHOCKEN, PA. 
FOR MORE 
INFORMATION 


1 am interested in lron Powder for: 
0 Molding C) Friction C) Other 3 ny ee 
end sample 
IRON POWDER DIVISION 
NAME 
ALAN WOOD STEEL 
COMPANY 


Conshohocken, Pa. 





TITLE 








ee 





ADDRESS 





AMERICAN STEELMASTERS FOR 135 YEARS 


For more information, turn to Reader Service card, circle No. 345 
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Only NYLASINT* nylon gives you 
permanent built-in lubrication 


NYLASINT 


DRY aN 


BRONZE 


L BLEED OIL 


with all these important EXTRAS |! 


Higher heat distortion temperature 
Lower deformation under load 


me 


Improved wear and abrasion resistance 


e 
7 
e@ Lower hygroscopic and thermal expansion 
° 
. 


Longer life, trouble free service 


S8erxcoo 


Unlike oil-impregnated, sintered bronze 
which bleeds readily on paper (see 
above), NYLASINT sintered nylon 
parts hold up to twice as much oil, are 
permanently lubricated to reduce fric- 
tion, increase wear resistance and elimi- 
nate contact corrosion. 


Inorganic additives also give resilient 
NYLASINT parts outstanding dimen- 
sional stability and high load capacity 

. important for such diverse fields as 
missile components and steel office 
furniture. 


With NYLASINT you get all the prime 
advantages of nylon plus extra per- 
formance no other material offers in 


applications such as bearings, bushings, 
rollers and gears. 


For complete technical data on 
NYLASINT, call or write for new 
NYLASINT Bulletin BR-1111. 


THE POLYMER CORPORATION 


POLYPENCO’ 


See 


Halex Corporation (A Subsidiary) 
Reading, Penna. and Detroit, Michigan 


E nginecred Judustrial Plastics 


STOCK SHAPES « SINTERED PARTS « MOLDING RESINS « WHIRLCLAD® COATING 


For more information, turn to Reader Service card, circle No. 412 
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P. O. Box 929, Stamford, Conn. 

Tests show the coating has ex 
cellent resistance to salt spray, 
water, sunlight and weathering. It 
has poor resistance to oils and sol- 
vents. The coating can be used at 
temperatures up to 200 F without 
sagging or flowing. 

The producer says that primers 
are not usually required before ap- 
plying the coating to metals, wood 
and concrete. The coating can be 
applied to damp surfaces. It dries in 
1 hr at room temperature to a hard, 


firm surface. KEY NO. 613 


New Casting Method 
Cuts Piece Cost 50% 


An innovation in the production 
of nonferrous investment castings is 
said to reduce piece cost by as much 
as 50% because much higher pro- 
duction rates are possible than with 
conventional investment casting 
techniques. 

The method, called Planar, has 
been developed by Atlantic Casting 
& Engineering Corp., 810 Bloomfield 
Ave., Clifton, N. J. 

The developer says close, rapid 
cut-off is possible with the new 
process, since the entire tree of 
castings is located in one plane (see 
accompanying photo). Surface fin 
ishes and tolerances produced by the 


Tree of manganese-bronze castings 
is made from a single mold in 
Atlantic’s new investment casting 


process. 








VANADIUM-ALLOYS 


For more information, circle No. 426 
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STEELS 





On critical applications when only the best will do—specify CVM 
(Consumable Vacuum Melted) steels and alloys from Vanadium- 
Alloys Steel Company. Our CVM label is your assurance of un- 
surpassed quality and purity. 

To begin, our steels are melted under stringent tool steel prac- 
tice in order to insure electrodes of the highest quality and purity. 
Our versatile vacuum melting furnace, with closely regulated power 
input, enables us to melt 914”, 12”, 16”, 20”, and 24” ingots at con- 
tinuous vacuum pressures below one-half of a micron for maximum 
degassification. 

A half-century of experience melting a wide variety of alloys has 
taught us how to realize the highest structural quality from each 
composition. Pleased customers regularly report higher physicals 
and better metallurgical structures with our melts as compared with 
the same grades produced in other furnaces. 

Today, the aircraft and missile industries are enjoying the extra 
value of CVM steels with their higher strength and improved clean- 
liness, with subsequent critical weight savings and higher fatigue 
life. Why not see how CVM can answer your special steel problems? 
Our sales and metallurgical departments will be pleased to discuss 
your requirements. 


CVM GRADES NOW AVAILABLE 


*VascoJet 1000 *8620 304 Stainless 

*4150 Modified *9310 316 Stainless 

*4330+V *A-286 317 Stainless 

*4335+V Inco 901 410 Stainless 

*4340 V-57 436 Stainless 

*4350 *52100 M-1 High Speed Steel 
300 M *51100 *M-2 High Speed Steel 
X-200 *440-C Stainless *M-10 High Speed Steel 

*D6AC *440-C Modified Stainless *M-50 High Speed Steel 


6150 *Regularly stocked in billet and ingot form. 


VANADIUM-ALLOYS STEEL COMPANY 


GENERAL OFFICES: LATROBE, PA. 
DIVISIONS: Anchor Drawn Steel Co. « Colonial Steel Co. » Metal Forming Corporation « Pittsburgh Too! 
Steel Wire Co. « Vanadium-Alloys Steel Co. 
SUBSIDIARIES: Vanadium-Alloys Steel Canada Limited « Vanadium-Alloys Steel Societa Italiana 
Per Azioni « EUROPEAN ASSOCIATES : Societe Commentryenne Des Aoiers Fins Vanadium-Alloys (France) 
» Nazionale Cogne Societa Italiana (italy) 
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no other metal has the combination 
of properties found in new HAVAR 


Designers looking for a new and versatile metal are finding practical answers in 
the unique properties of Havar. This unusual material is a corrosion-resistant, 
non-magnetic alloy with high fatigue resistance and high tensile strength. It pos- 
sesses exceptionally high resistance to permanent deformation, thus permitting a 
more constant delivery of torque over extended periods 


New Havar is being used for critical springs and process control diaphragms, torque 
control drive bands, electronic computers and—because of its ductility and corro- 
sion resistance—for orthodontic wire. 


Havar was developed by the Metals and Electronics Division of Hamilton Watch 
Company. It is presently available in bars, wire, strip and in foil in thicknesses 
down to 0.0001” at tolerances closer than you can imagine 


Write today for complete data on engineering properties and processing instruc- 
tions. Ask for the Havar Technical Data Sheet—or for a sample of Havar. Dept. DE-6 


FTA N7/ LT O/lV 


WwarTCcH COMPANY / Metals and Electronics Division 
+ 


Lancaster, Pennsylvania 


For more information, turn to Reader Service card, circle No. 404 
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process are comparable to those of 
conventional investment castings. 


How process works 


1. Individual wax or plastic dis- 
posable patterns which incorporate 
gating are plugged into permanent, 
withdrawable runner patterns. 

2. The assembly is then invested 
and the permanent runner pattern 
withdrawn, leaving the gate extrem- 
ity of the disposable pattern exposed 
to heat as the mold moves through 
an oven. Wax evacuation, burn-out 
and mold drying then take place in 
a single, fast cycle. 

The company says the dry, one- 
piece molds are ready for pouring in 
less than one-fourth the time re- 
quired with multi-cycle batch pro- 
duction methods used in conventional 
investment casting techniques. 


Special mold material 


According to the developer, a 
special mold material (nature not 
disclosed) eliminates the need for 
using metal flasks to reinforce and 
protect molds throughout the cast- 
ing process. The mold can be exposed 
to high heat for wax evacuation with 
no danger of breakage. Thus, break- 
out time in the new process is much 
faster than with conventional invest- 
ment casting techniques using metal 
flasks. KEY NO. 614 


Flexible Polyethylene 
Competes with Vinyls 


Development of a new flexible 
polyethylene, a copolymer of ethy- 
lene and ethyl acrylate, has been 
announced by Dow Chemical Co., 
Midland, Mich. It sells for 32%¢ 
per lb in truckload lots for natural. 

The resin is somewhat similar to 
a new elastomeric polyethylene dis- 
cussed in the May issue of this mag- 
azine (p 14). 

Designated Zetafin, the resin is 
expected to compete with flexible 
vinyls in a number of applications. 
Reason: it has properties similar to 
those of flexible vinyls but is easier 
to process. The polyethylene con- 
tains no plasticizers, precluding the 
possibility of migration or volatili- 
zation problems, and eliminating the 
need for compounding. Another ad- 





HANDY ALLOY DATA SHEET © 


TEC 


HANDY & HARMAN ENGINEERING DEPARTMENT 
82 FULTON STREET, NEW YORK 38, N.Y 


... ow to choose between a soft solder and a brazing alloy 





Handy & Harman provides two alloys that fit between 
“something stronger than the average soft solder but 
not as strong as a silver-brazing alloy.”’ They are named 
TEC and TEC-Z and their flow points are intermediate 
between soft solders and silver-brazing alloys. Joints 
made by these alloys are strong in straight tension or 
shear. For instance, butt joints of cold-worked copper 
can be made havinga tensile strength of about 25,000 psi. 
This is approximately 10,00 psi. more than can be ob- 
tained with tin-lead soft solders. TEC joints retain their 


as a 50% tin—50% lead solder at room temperature in 
short-time tensile tests. 

Applications —One example is a thermostatic bellows 
where the operating temperature is too high for soft 
solders (tin-lead), yet requires a joining medium which 
will not anneal the bellows. Another use is gun parts 
which require joint strength at higher than soft-solder 
operating temperatures plus corrosion resistance to solu- 
tions used in cleaning and blackening. Also for lamp 
bulb bases operating at approximately 350°-500° F 
Automotive applications and heat exchangers. TEC con- 


forms to Government Specifications Mil-S-19234 (Nord); 
both TEC and TEC-Z are available in sheet, wire, pow- 
der, and preforms to specifications. 


strength at elevated temperatures much better than the 
tin-lead soft solders. As shown in the table below, the 
strength of the solder itself at 425° F is about the same 


NOMINAL COMPOSITIONS 


TEC 
5% plus or minus 0.5% 


95% plus or minus 0.5% 


PHYSICAL PROPERTIES 


TEC 
White 
640° F 
. 740° ft 
4.60 
22.0% 


Electrical Resistivity (Microhm-cm) 7.9 








STRENGTH COMPARISON TEC vs. Pb-SN 
TENSILE STRENGTH LBS/'SQ IN. TENSILE STRENGTH LBS /SQ IN. 


Tec Pb-SN 

16,400 2,500 
4,400 650 
2,600 
1,700 








bs 
The information and data on this page are available in our Handy Alloy Data Sheet. Ask for “TEC.” Handy & Harman, 
850 Third Avenue, New York 22, N. Y. 
Your No.1 Source of Supply and Authority on Brazing Alloys 


HANDY & HARMAN 


General Offices: 850 Third Avenue, New York 22, N. Y. 
* Chicago, tll. + Cleveland, Ohio + Dallas, Texas + Detroit, Mich. + Los Angeles, Calif 
Providence, R.1.,* Montreal, Canada + Toronto, Canada 
DISTRIBUTORS IN PRINCIPAL CITIES 


Offices and Plants: Bridgeport, Conn * New York, N.Y 


For more information, turn to Reader Service card, circle No. 343 
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Pressure Increases 
Sealing Action 


leakproof Threads 


it’s DELRIN 


Another RB&W development from 
Delrin plastic, this new threaded 
plug replaces more expensive metal 
plugs in many hydraulic and com- 
pressor applications. 

It not only saves on cost and 
weight, but also does a better job. 
Fluid pressure forces mating 
threads together, creates a still 
tighter seal, locks threads in place. 

Metal-like mechanical properties 
of Delrin provide excellent 
strength, dimensional] stability, 
rigidity. Count also on resistance 
to corrosion and solvents. 

Available in %, %, %, %” pipe 
sizes. Send for samples. 


Ask about other parts you would like 
custom-molded from Delrin, or other 
thermoplastics, in production quantities. 


Write Russell, Burdsall & Ward 
Bolt and Nut Company, Port 
Chester, New York. 


*Du Pont trademark 


116th year 
yf : 


For more information,<itel@ No. 339 


vantage is that temperature control 
during processing is not as critical 
as with flexible vinyls. 


Three grades available 


No. 30 is designed for extrusion 
and blow molding applications. It 
has a melt index of 2.5. 

No. 35 is a film-grade resin de- 
signed for such applications as place 
mats, draperies, table cloths and 
possibly inflatable toys. It contains 
anti-block additives to minimize 
blocking tendencies in thin-gage film. 
Melt index: 2.5. 

No. 70 is an injection molding 
grade that is said to offer a high 
degree of flexibility and surface 
gloss. Melt index: 18.0. 


Noted briefly in our May issuc 


KEY NO. 615 


Beryllia Heat Sinks 
for Semiconductors 


Beryllium oxide’s unique ability to 
resist the flow of electricity but not 
the flow of heat is being used to ad- 
vantage in new dielectric heat sinks 
now available off-the-shelf from Na 
tional Beryllia Corp., First & Has- 
kell Ave., Haskell, N. J. The heat 
sinks were previously available only 





Large steel die forging—This 
10,000-Ib main axle beam for the 
B-70 intercontinental jet bomber is 
said to be the largest closed die 
forging ever made of H-11 chromium 
hot work tool steel. The forging was 
made on a 125,000 MKG (meter- 
kilogram) counterblow forging ham- 
mer by Ladish Co., Cudahy, Wis. 
KEY NO. 616 
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Need 

Thinner & Wider 
Precision 
STAINLESS 
and SPECIAL 
ALLOYS in 
THIN STRIP 
and FOIL? 


Jae, 
ms 


Rodney 


Specializes in 


—-~ J 


= «m Close-Tolerance 
Thinness . 


Unique Service 
Described in 
Free Catalog! 


Rodney concentrates its entire 
efforts, research and production, toward 
furnishing super thin, extra wide, pre- 
cision rolled, metal strip and foil in all 
tempers and finishes. With the entire 
Capacity of plant and personnel devoted 
exclusively to this specific area, Rodney 
can offer the added “know-how’’, manu 
facturing experience, quality control, 
and applicatian knowledge your opera- 
tion may require 


Rodney produces stainiess steel 
strip . . . all alloys in widths from 
gy” to 24 . at gauges from .012” 
to .0003”. Rodney also rolls high tem- 
perature alloys and other special alloys 
on a production basis. Aluminum alloys, 
carbon steel strip and specialty custom 
rolling are also handled 


FREE FACTS just drop us a note 
on your company letterhead 





2s “Namoaee | 


RODNEY 
METALS, INC. 


ROONEY ROLLED !S 


QUALITY CONTROLLED 


Mill 
Rodney French Bivd., New Bedford, Mass. 


Executive Offices 
261 Fifth Avenue, New York 16, N. Y 


West Coast Office & Warehouse 
5462 East Jilison St., Los Angeles 22, Calif. 


For more information, circle No. 430 
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2110 McCARTER HIGHWAY, NEWARK 4, N. J. 














Please rush color chips & complete data on new METALACE. 


2112 McCarter Highway, Newark 4, N. J. 


Maas & Waldstein Co. 
Title (or occupation) 


For more information, turn to Reader Service card, circle No. 390 





It costs less to RENT 
A MATERIALS 
LABORATORY than to buy one 


A wealth of experience in materials evaluation . . . economical, 
rapid instrumental analysis... the latest analytical techniques 
as they are developed . . . all these go to work on your products 
and materials at United States Testing Company ... and ata 
fraction of what it would cost you to maintain a staff and 





facilities. 

Typical Assignments cover: 

Behavior of metals—Corrosion studies— Defect analysis— 
Photomicroscopy — Radiography —Formulation of welds— 
Residual defects—Thermal analysis—Ore, steel and alloy 
analysis—Fertilizer and soil analysis—Abrasion studies— 
Heat distortion—Salt spray— Thermal conductivity —Ten- 
sile properties—Electrical and physical properties of plas- 
tics — Plasticizer identification — Legal investigations. 


Typical Materials and Products Evaluated: 

Adhesives — Bearings — Castings — Ceramics — Concrete — 
Flooring Materials—Foams— Fuels—Laminates— Leather 
— Molding Compounds — Paper Products — Plastics — Rub- 
ber compounds — Textiles — Water repellents and others. 


oo 
Send for your free copy 

of bulletin 5902 describing our materials 
and product evaluation facilities. 


United States Testing Co., Inc. 
1415 Park Avenue, Hoboken, N. J. 


; BOSTON + CHICAGO - DALLAS~ DENVER~ LOS ANGELES 
Branch Laboratories | MEMPHIS - NEWYORK - PHILADELPHIA - TULSA 


For more information, turn to Reader Service card, circle No. 
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Beryllia heat sinks keep semicon- 
ductor temperatures down. 


in small made-to-order quantities. 

The heat sinks, called Berlox, are 
said to maintain semiconductor tem- 
peratures at least 50% lower for a 
given power level than those per- 
mitted by conventional dielectric heat 
sinks. 

The heat sinks have extremely low 
dielectric loss (<0.0008) over the 
entire frequency range at which 
semiconductors are used, They also 
have good resistance to shock, vibra- 
tion and moisture, are free of out- 
gassing, and have infinite shelf life. 

Berlox heat sinks are available to 
match JEDEC (Joint Electronic De- 
vice Engineering Council) outlines 
TO3, 5, 8, 9, 11, 12, 16, 18, 33, 38 and 
39. Standard thickness is 1/16 in. 

KEY NO. 617 


Vinyl! Surfacing Mat 
is Abrasion Resistant 


A new vinyl surfacing material 
is designed as a decorative and 
protective surface for appliances, 
vending machines, folding doors and 
business machines, and as a flooring 
for station wagons and boats. Big 
advantage of the material is its ex- 
cellent abrasion resistance and good 
flexibility. 

Called Autocord, the material is 
available in a variety of colors from 
Armstrong Cork Co., Industrial Div., 
Lancaster, Pa. It can be bonded to 
metallic and nonmetallic materials 
with various types of adhesives. 

The material consists of a filled 
vinyl compound joined to a resin- 
saturated asbestos fiber backing. The 
wearing surface has a molded-in 
embossed design. 

(continued on p 178) 





Electrical , 


Now is the time for all good’manufacturers to lower lettering costs. 


Shove Hrdwam 


Now is the time for all good’manufacturers to lower lettering costs. 


Now, with BEETLE® urea plastic. you can mold in multi-colored lettered 
decorations— and save on production costs! By incorporating a resin-im- 
pregnated foil during the molding of keys, dials, levers and knobs, you 
avoid costly after-decoration. There’s no scoring, no painting, no silk-screen- 
ing. The pattern is part of the molded Beetle plastic. It won't chip off, scratch 
off or wear off. And you still enjoy these proven Beetle plastic advantages: 
hard, lustrous surfaces; resistance to detergents, oils and grease; good 
electrical properties: heat resistance; unlimited range of color possibilities. 


P.S. Now is the time for all good BUSINESS MACHINE MANUFACTURERS 
to look into BEETLE for lettered decoration. 


eo 


We 





Offices in: Boston + 
* Minneapolis + New York + Oakland - 


AMERICAN CYANAMID COMPANY _ WAN ANAT I WD 
Wallingford, Connecticut 
Philadelphia 





Charlotte - 


Chicago - 
+ St. Louis 


PLASTICS AND RESINS DIVISION 
Cincinnati + Cleveland + Dallas + Detroit - Los Angeles 
+ Seattle - In Canada: CYANAMID OF CANADA LIMITED, Montreal + Toronto 
For more information, turn to Reader Service card, circle No. 344 
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Federal Telephone & Radio 
uses SEL-REX bright gold 


Sel-Rex Bright Gold is used on a 
variety of electronic parts at Federal 
because, to quote Mr. William F. 
Boyle, Chief Metallurgist, the deposits 
are “... fine grained and dense, giving 
exact duplication of the surface 
plated... (it) eliminates galling in 
sliding electrical contacts” and has 
“effected a tremendous saving” 

over previous materials and methods. 


The Federal Telephone story, other 
case histories and technical 
data FREE on request. 


SEL-REX CORPORATION 
NUTLEY 10, NEW JERSEY 


World’s largest selling precious metal plating processes 





For more information, turn to Reader Service card, circle No. 410 


ADVERTISEMENT 


HOT AND COLD MIRRORS 


Dichroic coatings reflect infrared and 
transmit visible wave lengths; or vice versa 
Hot type or cold type, whichever 
HOT TY PE 


serves your purposes, Liberty Mirror 
MIRROR . I I 


can supply front-surface or back- 
————— surface mirrors with Hi-Efficiency 
COLD-TYPE dichroic coatings applied by vacuum- 
MIRROR deposition. They are highly durable 

>. and easily cleaned with non-abrasive 
cleaners. The coatings themselves will 

REFLEC TS THE VISIBLE - TRANSMITS THE HEAT withstand ambient temperatures of 

minus 60°F. and plus 600°F. 

Other vacuum-deposited coatings of aluminum, chrome or gold are 
used to make first-surface mirrors, neutral filters, transparent mirrors, 
high-efficiency beam splitters and laminated mirrors. 

Applied to glass, optical parts, metal, epoxy or plastic, the coatings 
are used in such varied products as scientific and optical instruments, 
toys, cameras, pin setters, wheel-aligning equipment, aircraft and 
missiles. If you have a potential application or new use, Liberty Mirror 
engineers will help you solve your problems. Technical data sheets 
available on all coatings. Write L-O-F, Liberty Mirror Division, 2361 
Libbey-Owens-Ford Building, Toledo 1, Ohio. 


For more information, turn to Reader Service card, circle No. 371 
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Tests show the material has good 
resistance to hydrogen sulfide, 3% 
ammonium hydroxide, kerosene, 
ASTM fuel A, 1% sodium hydroxide, 
ASTM No. 3 oil, 1% detergent solu- 
tion, 0.7% laundry soap solution and 
vegetable oil. 

The new surfacing material is 
supplied as die-cut parts or in rolls. 

KEY NO. 618 


Clear Silicone for 
Encapsulating, Potting 


A new transparent silicone resin 
for encapsulating, potting, filling and 
embedding electronic parts has been 
introduced by Dow Corning Corp., 
Midland, Mich. The resin cures in 
place after blending with a curing 
agent to form a flexible, transparent 
solid with good moisture resistance. 

Properties of the resin, called Sy! 
gard 182, are given in the accom- 
panying table. 

Dow Corning supplies another 
transparent silicone for electronic 
applications. Unlike Sylgard 182, it 
forms a gel on curing and is self 
healing. Called Dielectric Gel, the 
silicone fluid was introduced in 1959 
(M/DE, June ’59, p 138). The gel 
cannot be used as an encapsulant 


PROPERTIES OF SYLGARD 182 





PROPERTIES BEFORE CURE 
Specific Gravity (77 F) 1.05 
Viscosity (77 F), cs 5000 
Shelf Life (77 F), months >6 
Pot Life (77 F), hr >6 
PROPERTIES AFTER CURE® 
Hardness (Shore) A40 
Water Absorption (7 days), % 0.10 
Brittle Point, F 90 
Dielectric Strength, v/mil 1000 
Dielectric Constant (60 cps) 
77 F 2.88 
212 F 2.76 
300 F 2.61 
390 F 2.46 
Dissipation Factor (60 cps) 
77 F 0.0010 
212 F 0.0010 
300 F 0.0015 
390 F 0.0050 
Volume Resistivity, ohm-cm 
77 F 5 x 103 
212 F 7 x 10% 
300 F 3 x 10 
390 F 8 x 105 








7X) Gi Co) - -t- leet ell 
TEST BAR 


The steel bar that has 
high strength WITHOUT 
HEAT TREATING 


Yes, La Salle invites you to test a sample bar of 
the remarkable new FATIGUE-PROOF. This 
amazing new material is its own best 
recommendation . . . as proven by the many 
original equipment manufacturers who have 


already tested (and are using) FATIGUE-PROOF. 


If you are making parts requiring strengths in 
the tensile range of 140,000 to 150,000 psi, and 
want to eliminate the expense or problems of 
heat treating. . . if you want to save production 
costs with a bar that machines faster (25% 
faster than annealed alloys—50% to 100% faster 
than heat treated alloys) and gives you a beautiful 
finish, too . . . if you want to improve the quality 
of your product while saving money, send us a 
blueprint, drop us a note giving application 
details, or better yet... pick up your telephone 
and call a La Salle sales engineer (REgent 
4-7800, Chicago, Illinois). 


Fo” - 


MADE BY THE 
Elevated Temperature Drawing 
FREE 7 . 


Get your copy of “a new material,” 
a 24-page booklet which gives 
detailed information on La Salle 
“FATIGUE-PROOF”’® steel bars. 


STEEL CO. 


1418 150th STREET ¢ HAMMOND, INDIANA 


Manufacturers of America’s Most Complete 
Line of Quality Cold-Finished Stee! Bars 


Please send me your ‘‘FATIGUE-PROOF” Bulletin. 


Name 


PROCESS 





Title 


Company 
Address 


City 




















For more information, turn to Reader Service card, circle No. 421 
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Covers che mistry, 
raw materials and 
industrial applications .. . 


CERAMICS 


by P. WILLIAM LEE 

Head, Porcelain Research Department 

The Dentists’ Supply Company 
HERE IS THE FIRST WORK 
to present a comprehensive survey of 
the entire field of ceramics within a 
single convenient volume. The book 
reviews the applications of ceramic 
materials in industry, and covers their 
history, raw materials and basic 
chemistry. It also covers specialized 
topics such as the use of ceramics in 
electronics, dentistry, high tempera 
ture refractories, and low temperature 
enamels. 


SPECIAL ATTENTION IS GIVEN 
to new and recent developments in 
this important field. Many new ce 
ramic materials have been developed 
which have unique engineering prop- 
erties for specialized fields of use. The 
author discusses a number of these 
materials as well as the new fabri 
cating techniques. 
THIS BOOK WILL PROVE HELPFUL 
to both technical and non-technical 
readers who want an all-around 
knowledge of ceramics. Ceramic in 
dustries of all kinds (art work, bricks, 
china and enamel ware, etc.) and the 
electronics, glass, structural products 
and steel industries will find this a 
compact guide and reference to ce- 
ramics as an industrial material. 
CONTENTS: 
Introduction— Principal 
Raw Materials Used in 
Classic Ceramics—Brief 
Introduction to Ceramic 
Chemistry—White Wares 

Artware—Ceramics for 
Electrical and Electronic 
Uses—Dental Porcelain— 
Structural Clay Products 

Refractories — Glass — 
Porcelain Enamel—Ce- 
ramic Abrasives—Cer- 
mets—New Developments 
in Ceramics — Appendix: 


Ceramic Raw Materials 


1961, 210 pages, $5.95 
30-Day Free Trial Offer 
MAIL THIS COUPON TODAY! 


r REINHOLD PUBLISHING CORPORATION 
Dept. M-818, 430 Park Avenue 
jew York 22, N. Y 


Lee’s Ceramics for 30 


Send me 
days’ Free Trial (in U.S.A 
inder the following terms 


only) 


Purchase price enclosed 
(Reinhold pays postage) 
Bill me (plus postage) 

Bill company (plus postage) 


Name 


Address 


City & Zone 

SAVE MONEY Enclose with order 

nd Reinhold pays all shipping costs. Same 

eturn privilege guaranteed. Please add 
N.Y.( orders. Do not 


Cr oe ee 


For more information, circle No. 373 
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since it is not self-supporting. 
circuits encap 
Sylgard 182 resin are 


Components and 
sulated in 
clearly visible. The cured resin can 
be cut away with a sharp knife so 


that defective components can be 


Silicone encapsulant can be twisted 
or rolled to conform with circuit 


placement requirements. 


repaired or New resin 
bonds to the original material. 


replaced. 


Sylgard 182 cures in 15 min at 
300 F, 4 hr at 150 F and 3 days 
at 75 F. KEY NO. 619 


Galvanized Sheet Has 
Improved Paintability 


A new, spangle-free galvanized 
sheet has been introduced. The hot- 
dipped sheet is said to combine 
improved paintability and weldability 
with the good corrosion resistance 
of sheet having a 1.25 oz per sq ft 
zine coating (ASTM A-93). 

Current spangle-free zinc-coated 
sheets include those with thin elec- 
trogalvanized and hot dipped light 
commercial zinc coatings. 

The new galvanized sheet, called 
Zinegrip A, Paintgrip, joins another 
galvanized sheet introduced recently 
by Armco Steel Corp., Middletown, 
Ohio. The earlier grade, called Zinc- 
grip DC, has a hot dipped zinc 
coating on one surface and a smooth, 
spangle-free finish on the other 
(M/DE, Mar ’61, p 182). 


Sheet can be drawn, formed 


Armco says its new galvanized 


sheet can be drawn, formed and 


Here's How Haveg Colved the Problem... 


“§ HAVELEX 


PRECISION MOLDED RIGID 


APPROXIMATE SIZE 
OF BASE PICTURED, 
1 INCH LONG, 
Ve INCH WIDE, 
Me INCH HIGH 


INORGANIC 


INSULATING MATERIAL 


This miniature switch base molded with Havelex, contains four different stainless steel 


inserts with precious metal plating 


Three inserts (which include #0-80 male threads) 


go all the way through the mold and provide precision mountings on both sides for 
assembly. The #0-80 female threaded insert is designed to protrude from one face and 
is approached by a molded counterbore from the other. Mold is designed to accommo 
date alternate terminal inserts when unthreaded models are required 


Haveg engineers recommended Havelex for this particular molding because of 


its combination of properties 


Completely inorganic, with metal inserts inte- 


grally molded in place. Precision tolerances with faithful reproduction from part 
to part. Heat resistance for continuous operation in excess of 700°F. 


Haveg engineers will be happy to work with you on your particular project— 
to help you “Keep ahead with Haveg.” Remember— Havelex offers all of these 
unique features: Dimensional Stability + 1000°F. Continuous Temperature Resist- 
ance « Dielectric Strength « Mechanical Strength + Low Loss, Low Power Factor 
* Arc Resistance + No Moisture Absorption «+ integrally Molded Metal Inserts 


¢ Hermetically Sealed Inserts. 


Kasp Ahead wn ON 


HAVEG. 
7h 


rinst m &e f Piastics 


TAUNTON DIVISION 
HAVEG INDUSTRIES, INC. 
336 Weir Street - Taunton, Massachusetts 

Telephone VAndyke 4-4011 





- 
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Three manufacturers with similar products— 


“we USe 
BONDERITE 890” 


“We USe 


BONDERITE 977 


“we use 


BONDERITE 1000” 


There are 57 different Bonderites for metal 
one of them is the right paint base for you 





Parker long ago realized that any 
‘‘universal’’ phosphating treatment 
would at best be a compromise. A 
“universal” treatment can’t possibly 
meet the individual conditions and re- 
quirements in any one plant as exactly 
as can a Bonderite that is formulated 
with that plant’s finish line needs in mind. 

Parker has many phosphating treat- 
ments (38 of them for steel alone), has 


etc FEO eo, 


< : 
BonderiS 


Parker 


trained its representatives to match the 
right Bonderite to a customer’s total 
requirements, and invests hundreds of 
thousands of dollars in research and 
development to keep ahead of the ever- 
changing finishing demands of modern 
industry. 

Don’t compromise on quality with a 
“universal’”’ treatment when Parker can 
give you a Bonderite that’s right for you. 


Rust Proof Company 


2173 E. MILWAUKEE, DETROIT 11, MICHIGAN 


BONDERITE corrosion resistant paint base e BONDERITE and BONDERLUBE aids in cold forming of metals e PARCO COMPOUND 


rust resistant e PARCO LUBRITE—wear resistant for frictic 
*Bonderite, Bonderized, Bonderiube, Parco, Parco Lubrite—Reg. U.S. Pat. Off 


Since 1914—Leader in the field 


n surfaces e TROPICAL—heavy duty maintenance paints since 1883 


For more information, turn to Reader Service card, circle No. 435 
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Available Now!! 
Reprints of 


MATERIALS IN DESIGN ENGINEERING 
MANUALS AND SPECIAL REPORTS 


Because of the great demand for the well-known Manuals and Special 
Reports that are widely used for reference purposes, MATERIALS 
IN DESIGN ENGINEERING has reprinted them for your use. 
These outstanding articles provide you with complete and useful 
information on the properties, characteristics and uses of engineer- 
ing materials and finishes. 

The price is right! Only 35¢ for each reprint; 40¢ if shipped to 
foreign countries. On quantity orders, discounts are offered. To 
obtain your copies, indicate in the handy coupon below the Manuals 
and/or Special Reports you want. FOREIGN ORDERS MUST BE 
ACCOMPANIED BY PAYMENT! 

Would you prefer receiving these valuable reprints automatically in 
the future? If you are a subscriber to MATERIALS IN DESIGN 
ENGINEERING, then avail yourself of an additional service offered 
by our Reader Service Department. Let us add your name to our 
mailing list, and you will receive a year's supply (more than 12) of 
Manuals and/or Special Reports for the reasonable price of $4.50* 
per year. Just fill out the coupon below and mail it to: 


Reader Service Department 
MATERIALS IN DESIGN ENGINEERING 
430 Park Avenue 
New York 22, N. Y. 


Designing with Metal Powder Parts 
Physical Properties & Tests 
Industrial Textiles 

Materials for Springs 

Adhesive Bonding 


VY Quantity @ 35¢ each 


Selecting Plastic Laminates 
Fiuorocarbon Plastics 
Magnesium and Its Alloys Die Castings 

Conversion Coatings for Metals Impact Thermoplastics 

Titanium Material for Gaskets—Packing—Seals 
Materials for Gears New Welding Processes 

Mechanical Tubing Low Pressure Reinforced Plastics 
Joining & Fastening Plastics Low Cost —- for Metal Parts 
Aluminum Alloy Castings Why Metals Break; What to Do About It 
Thermal Insulation Materials Appliances: What Materials Are Next? 


New Developments in Ceramics High Temperature Metals 
Designing with Heat Treated Steels How Radiation Affects Materials 
Porcelain Enamels, Ceramic Coatings Filament-Wound Reinforced Plastics 


Paper as an Engineering Material Ferrous Castings 
Designing Metal Stampings Automobiles: What Materials Are Next? 


Sleeve Bearing Materials What Users Think of Polypropylene 
Sheet Formed Plastics Parts Creep Rupture 
How to Select a Stainless Stee! Chemical Process Equipment 
Engineer's Guide to Plastics What's New in Foam Plastics 
Organic Coatings for Metal Products High Strength Aluminum Alloys 

The Challenge of the Materials Age—PRICE $1.00 

New Directions in Materials Testing—PRICE 75¢ 

Guide to Materials Standards & Specifications—PRICE 75¢ 


Name Title 

Company 

Street 

City Zone State one 
Yes, I am a subscriber to MATERIALS IN DESIGN ENGI- 

NEERING and would like to receive each future Manual and/or 

Special Report, when reprinted. Please start with the 

issue. Upon receipt of your invoice, I will pay $4.50 for a year's 

supply. *Foreign subscriptions—$5.50. 
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lock seamed to the limit of the base 
metal without flaking or peeling of 
the coating. The number of resist- 
ance spot welds that can be made 
on the sheet before tips need redres- 
sing is more than double that pos- 
sible on regular galvanized sheets, 
according to the producer. 

The new material is expected to 
be used in automotive, appliance, 
farm equipment and architectural 
applications. 

It is supplied as coils and cut 
lengths in gages 16 through 24 and 
in widths up to 48 in. KEY NO. 620 


Panels of new galvanized sheet 
(top), one painted and the other un- 
painted, showed no signs of rusting 
after three years’ outdoor exposure. 
Painted and unpainted panels of 
cold rolled steel (bottom) showed 
definite signs of rusting after being 
exposed for the same length of time. 


Rubber Liners Protect 
Metal Against Abrasion 


Two new materials—a fabric-backed 
urethane rubber liner and a natural 
rubber liner—are designed to protect 
the surfaces of chutes, mills, dust col- 
lectors, and shot and sand blast ma- 
chinery against abrasion. 


1. Urethane rubber liner 

The fabric-backed urethane rubber 
liner, called PO-663, is available in 
standard stock sheet sizes ranging 
from 12 by 20 in. to 90 by 40 in., and 
in thicknesses from ys to % in, from 
Armstrong Cork Co., Industrial Div., 





NEW HORIZONS IN LEAD 


-.».the Versatile Metal 


try looks ahead with lead 


POWDERED LEAD « SPUN LEAD 
FIBRES * LEADED CLOTH AND WALL 


BOARD ° For Sound Attenuation. 


LEAD-ASBESTOS PADS * LEAD-PLASTICS COM 


POUNDS * LEAD TAPE ¢ To Absorb Vibration. 
LEAD SHIELDING * SOLID LEAD AND LEAD BONDED 
TO OTHER METALS ¢ LEADED GLASS * LEADED FABRIC 


For protection against X-Rays,:-Nuclear Radiation, and 


Corrosion. 
LEAD OXIDE °¢ For oil-less, ultra high-temperature bearings. 
TETRAETHYL AND TETRAMETHYL LEAD—For better anti-knock gasoline. 
LEADED STEELS—For easier machining. 


LEAD BASE PIGMENTS « LEADED PORCELAIN ENAMELS * PEARLESCENT LEAD 
PIGMENTS—For Surface protection and decoration. 


ST. JOSEPH LEAD COMPANY 


250 Park Avenue * New York 17, N. Y. 


THE LARGEST PRODUCER OF LEAD IN THE UNITED STATES 


For more infermation, turn to Reader Service card, circle No. 423 
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Lancaster, Pa. The liner is designed 
especially for handling grain, ore 
lurries, coal, coke, rock, sand, gravel, 


Stee! chute (left) lined with Arm 
strong’s new fabric-backed urethane 
rubber shows only slight surface ab 
rasion, whereas unlined chute (right) 
is worn through after being used the 
same length of time as the lined 


chute in a gram loading operation. 


Deep Drawn, 
Light and Medium 
COPPER 
BRASS 
ALUMINUM 
MONEL 
STAINLESS 
HIGH CARBON 
ALLOY STEELS 





glass and other abrasive materials. 
The urethane rubber liner can be eas- 
ily installed by cementing or bolting. 

KEY NO. 621 


2. Natural rubber liner 
The natural rubber liner, desig 
nated Jade Green Armabond, is avail 
able in gages from xy to % in. and 
in 48 in. widths from Goodyear Tire 
& Rubber Co., Akron 16, Ohio. Ac 
cording to the producer, the liner 
provides complete protection to metal 
and nonmetallic surfaces against the 
impinging abrasion and chemical ac 
tion of most inorganic salts, alkalis 
and acids. The natural rubber liner 
can be bonded to a wide variety of 
surfaces, including metals, 
and other rubber compounds. 
KEY NO. 622 


fabrics 


New Organic Coating 
Resists Acids, Mortar 


A new organic coating is said to 
protect aluminum and other nonfer 
rous metals against the harmful 
effects of acids, alkalis and outdoor 
exposure. Called Perma-Cote 61, the 
coating is available from S. C. John 
son & Son, Inc., Service Products 
Div., Racine, Wis. 

A big advantage of the coating is 


Drawing « 
Tapping « 
Annealing 


Forming e 
Coining 
Brazing 


Drilling « 
Testing « 


that it passes a 30-day laboratory 
test for acid and mortar resistance 
as specified by the Aluminum Win- 
dow Mfrs. Assn. The company says 
that Perma-Cote 61 appears to be 
the only single-layer coating that 
passes this test. 

The coating (composition not dis- 
closed) is colorless and nonyellowing. 
It forms a tough, glossy film that 
will not discolor when exposed to 
The coating dries 
min at room tem- 

KEY NO. 623 


ultraviolet rays. 
tack-free in 2 to 3 
perature. 


Other News... 


Metals 
> Floor plates rolled from high 
strength steel have been introduced 
by Jones & Laughlin Steel Corp., 3 
Gateway Center, Pittsburgh 30. The 
plates are available in thicknesses 
ranging from 3/16 to 1/2 in., lengths 
to 360 in. and widths to 48 in. 

KEY NO. 624 


> Investment cast parts made of high 
temperature alloys are being turned 
out by a new process in which vac- 
uum melted alloys are vacuum in- 
vestment cast. The technique was 
developed by Haynes Stellite Co., 
Div. of Union Carbide Corp., New 
York 17. KEY NO. 625 


QUALITY CONTROLLED STAMPINGS 


Point to Exacting Tolerances 


Piercing 
Silver 
Assembling 


Blanking « 
Heat Treating « 
Swedging ° 


Write for Free Brochure 


FLOAT & MANUFACTURING CO. 


Established 1924 


2271 SMEAD AVENUE 


> 


¢ TOLEDO 6, OHIO 


For more information, turn to Reader Service card, circle No. 331 
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Heavily stressed parts made from 
tough, hardened 4615/20 nickel steels 


help this Barber-Colman lathe handle 
heavy work loads with close tolerances. 


Nickel alloy steels safeguard the working 
accuracy of this Barber-Colman lathe 


For sustained high-volume production without loss of accuracy... 


...here’s where Barber-Colman uses 
4615/20 nickel alloy steels for vital 
components: 

All these parts are made from AISI 
4615 steel (1.8% nickel): 

* tailstock spindle 

* spindle front cap 

* reverse rod bushing 

* tailstock binder shaft 

* handwheel pinion shaft 

And the main headstock spindle is 
made from AISI 4620, to give this 
critical component built-in resistance to 
torsion, fatigue, and frictional wear... 


AISI 4615 and 4620 steels, carburized 
and hardened, provide a hard case for 
wear resistance, plus a tough, strong 
core to withstand shock-loading. In ad- 
dition, both possess good resistance to 
distortion in heat treatment...a posi- 
tive way to help cut costly finish- 
machining. 


When you order or design machine 
parts, remember these tough, wear- 
resisting nickel alloy steels. And for 
engineering information to help you 
select the best metal for a particular 
job, write to INCO, outlining your 
problem. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street gf, New York 5, N.Y. 
kh ANCO, 


INCO NICKEL 


NICKEL 


MAKES STEEL PERFORM BETTER LONGER 
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>» Precision-ground flats and squares 
made of AISI type D-2 high carbon- 
high chromium die steel are now 
available from Vanadium-Alloys 
Steel Co., Latrobe, Pa. The steel is 
ground to a 30-sin. finish. 

KEY NO. 626 


Plastics & Rubber 


>» A fluorocarbon-blown polyurethane 
insulating and soundproofing mate- 
rial has been introduced by Foam 
Products Mfg. Ltd., 823 Gilman St., 
Berkeley, Calif. Called Flo-Foam, 
the material can be applied by spray- 
ing or pouring in place. It has a 
thermal conductivity of 0.14 Btu 
hr/sq ft/°F/in. at 75 F. 

KEY NO. 627 


> An easy-to-apply reinforced fluoro- 
carbon slip and anti-stick agent is 


calendered, injection molded and ex- 
truded products has been introduced 
by Goodyear Tire & Rubber Co., 
Chemical Div., Akron 16, Ohio. The 
resin, designated Pliovic S-75, is 
said to have excellent handling char- 
acteristics and good heat stability. 

KEY NO. 630 


Other nonmetallics 
>» A gold fleck overlay paper for 
decorative applications has been in- 
troduced by Fitchburg Paper Co., 
642 River St., Fitchburg, Mass. The 
paper is made with all the gold flecks 
on one side of the overlay to prevent 
tarnishing, discoloring and loss of 
flecks in finished products. 

KEY NO. 631 


> An ultra-clean lubricating greas¢« 
for use on miniature instrument 
bearings has been introduced by 


bright finish on cadmium in a single 
dip. It is available from Conversion 
Chemical Corp., 98 E. Main St., 
Rockville, Conn. KEY NO. 634 


>» A new machine that automatically 
loads, ultrasonically cleans and de- 
greases, dries and unloads tote box 
loads of metal parts has been an- 
nounced by Autosonics, Inc., 4217 
Chestnut St., Philadelphia 4, The 
machine, called AutoSonex, is par- 
ticularly useful for delicate assem- 
blies and parts that cannot tolerate 
impingement or tumbling. 

KEY NO. 635 


» A fluorescent gloss enamel is of- 
fered by Advance Process Supply 
Co., 2315 W. Huron St., Chicago 12. 
The enamel, called Lumi-Glo, is said 
to be excellent for decal processing. 

KEY NO. 636 


Miniature 


available from Dixon Corp., Bristol, 
Keene, N. H. 


R. I. in aerosol spray cans. The ma- 
terial, called Rulon, is said to pro- 
vide a fast, simple way to obtain low 
friction, slick surfaces for wood, 
metals, leather and plastics. 


ir roduction 
KEY NO. 628 Seen 


Ohio. 


> Mylar polyester tubes are now 
available from Resinite Corp., 6984 
N. Central Park Ave., Chicago 45, in 
i.d.’s ranging from 0.040 to 8 in. 
Wall thicknesses range from 0.001 
to 0.050 in. KEY NO. 629 


>A 


Finishes 


> Kenvert No. 26 
new bright dip that produces a clear, 


polyvinyl chloride resin for 


Precision 
It is called Minapure. 


> Subminiature parts made of high 
alumina ceramics are now 
lot quantities 
Diamonite Products Mfg. Co., 
Tubes and cylinders are made 
in sizes as small as 0.050 in. 


0.030 in. i.d. by 0.045 in. 


is the 


Joining, fastening 

>» A self-adhering adhesive for ace- 
tate, polystyrene, vinyl and poly- 
ethylene blister packaging has been 
announced by Adhesive Products 
Corp., 1660 Boone Ave., New York 
60. The water-base adhesive is called 
Blis-Stix. KEY NO. 637 


> A tamper-proof fastener for us¢« 
electrical boxes and other prod- 
KEY NO. 633 ucts has been introduced by Reli- 
ance Div., Eaton Mfg. Co., Massil- 
lon, Ohio. The fastener, called Torq 
tite, requires a special tool for driv- 
ing and loosening. KEY NO. 638 


Bearings, Inc., 

KEY NO. 632 
available 
from 
Shreve, 


o.d. by 


long. on 


name of a 








economical 


GIANT 
NYLON 
PARTS 


NYLOCAST| 


. the exclusive process by which large 
mechanical and industrial nylon parts are produced, 
offers these special advantages: 


Anew horizon for size—from %s Ibs. to 6 Ibs.—in nylon shapes, 
quantity-produced by an entirely new casting technique. 


Tooling costs *s to % of ordinary molds or dies. 


Complex shapes, with exacting tolerances —formerly obtain- 
able by expensive machining—are economically produced. 


A broader range of design to include cast-in inserts, threads, 
lugs or widely varying thicknesses. 


* Quantities of 1,000 and over. 


Want to find out how this applies 
to your special requirements? 
Write now for information to: 


TY LOC AS T |iligedsnnadtharae thea 


turn to Reader Service card, circle No. 356 
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Seal beat... Protoctis beat 


"SAMPLES and FACT FOLDER 
FOR 
DESIGNERS and ENGINEERS 


BRIDGEPORT 


INNER-SEAL 


RUBBER SEALING STRIP 


Made of resilient sponge rubber locked into flexible spring 
steel flange, covered with oil and water-resistant Neoprene*. 
Assures a close-fitting seal that is air-tight, sun-tight, resists 
cold and heat. Easy to install, conforms to any shape, stops 
rattles, quiets slamming, absorbs shocks. Used for aircraft, 
hatch covers, shipping cases, refrigerated trucks, artificial 
lungs, generators, cushioning. 

Write Dept. Miz *Reg. T.M of DuPont 


BRIDGEPORT FABRICS, INC., Bridgeport 9, Conn. 


For more information, turn to Reader Service card, circle No. 349 
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FOOT REST—Attractively moided high chair foot rest by Joseph RECORD STORAGE WELL —For Zenith High Fidelity Stereophonic 
P. Miller, Inc., has permanent color and finish . . . won't crack or instruments—lightweight, functional, and longer lasting... ready 
splinter... hard, easy-to-clean surface. to install as is, without finishing. 


MARLEX® furniture components 
improve product quality 


To improve products and keep costs down, more and more 
furniture manufacturers rely on components molded or formed 
from MARLEX high density plastics. These high-quality 
plastics are lightweight, tough, and virtually indestructible 
. resistant to denting, cracking, acids, alkalies, greases, 
fungi, corrosion . . . and possess a wide usable temperature 
range (—180°F to 250°F). Components of MARLEX can be 
molded, thermoformed, extruded, welded, machined, printed 
BILLIARD TABLE PARTS—Functionally styled upon... never need refinishing. 
with integral color and texture for Superior In- 


dustries Corp., N.Y.C. Because of MARLEX, these *MARLExX< is a trademark for Phillips family of olefin polymers. 
parts won't chip, dent, warp or crack. 


HIGH CHAIR TRAY—This tray from Napco Plastics is sturdy and SMALL COMPONENTS-—Self-lubricating drawer slides, non- 
rugged. Smooth, hard MARLEX surface is non-absorbent, non- marring furniture glides, and tough dowel pins—examples of 
allergenic, easy to keep clean. low-cost, better performing MARLEX furniture parts. 


For more information, see your plastic fabricator, or contact us. 


PHILLIPS CHEMICAL COMPANY 
Bartlesville, Oklahoma MARLEX 


PLASTICS 


A subsidiary of Phillips Petroleum Company 


For more information, turn to Reader Service card, circle No. 437 





measures wear-life of 
MEL GHEIS 


) ; 
hot, cold, wet or dry 


Model 174 ABRASER 


Has hundreds of applications: plastics, paints, lacquers, 
electroplating, textiles, metals, leather, rubber, linoleum, etc. 
Easy-to-operate, the Taber Abraser simulates actual wear 
conditions. A rotary rub action is applied by dual abrading 
wheels . . . one rubbing the specimen from the center out 
and the other from the outside toward the center. With the 
specimen rotating full circle, abrasion resistance is revealed 
at all angles relative to the material’s weave or grain. 

For detailed information, fill in and mail the coupon below. 


STIFFNESS TESTER 

Determines initial stiffness, basic stiffness and 
resilience of flexible materials (up to %” 
thick) such as metals, plastics, paper, box- 
board, cellophane, wire, and metal foil. 


SHEAR/SCRATCH TESTER 

Tests ability of plastics, plastic coatings and 
organic materials (up to ¥%,” thick) to resist 
digs, scrapes, etc., not classed as normal wear 


TABER INSTRUMENT CORP., SECTION 244, 
109 GOUNDRY ST., NORTH TONAWANDA, N. Y. 


MAIL bulletin(s) describing 


[] Abraser Stiffness Tester [] Shear/Scratch Tester 


Name 





Title 
Company 
Street 
oy 





For more information, turn to Reader Service card, circle No. 434 


188 « MATERIALS IN DESIGN ENGINEERING 





DO YOU HAVE AN IDEA... 


THAT SOME FUNCTIONAL 
METAL PART COULD BE 

MADE BETTER OR CHEAPER 

BY ALUMINUM EXTRUDING? 
Bring your idea to specialists in 
adapting aluminum extrusions to 
new functional parts applications. 
G. E. |.’s engineers are ready to 


consult with you, without obliga- 
tion, on one part or a million. 


GENERAL EXTRUSIONS, INC. 
4040 LAKE PARK RD. YOUNGSTOWN, OHIO 


Sales Offices at St. Lowis, Cincinnati, Pittsburgh, Cleveland, and Chattanooga 
Consult your classified phone book under Aluminum Products 


For more information, turn to Reader Service card, circle No. 334 


¥ This 
“ DOLLIN 
Trademark 


assures 
Top Value in 
Die-Castings! 


* Efficient Designs 
* Economical Cost 
* Quality-controlled 
& Dependable Deliveries + 











he 


Submit prints or samples of parts for engineering advice and quota- 
tion, or call in Dollin representative. Write for facilities brochure. 


DOLLIN CORPORATION 
610 So. 21st Street, Irvington 11, N.J. ) Z 
, . 


See ‘Yellow Pages’ for nearest office 


Zinc and 


DOLLIN DIE-CASTINGS 


For more information, turn to Reader Service card, circle No. 351 


Aluminum 





A New York hospital 
Equipment by 

S. BLICKMAN, INC. 
Weehawken, N. J. 


go first Class 





go stainless 





There are two requirements for a top-notch lifetime stainless steel—the smoothest, easiest 
food preparation area: (1) Equipment of to clean and most bacteria and vermin resist- 
good design that eliminates places for bac- ing material you can buy. It’s a better prod- 
teria to collect; and (2) Equipment made of uct if it’s made of stainless! 


WASHINGTON STEEL CORPORATION > \ 
statateesY cd 


® 
and Colorkmdd Steel 
PRODUCERS OF WMicroRold’ stainress SHEET & STRIP Wf, 


WASHINGTON, PA. 


For more information, turn to Reader Service card, circle No. 358 
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ALL Your Needs 
in 

Laminated Plastic 
Tubes 


An Example of 


Synthane You-shaped Versatility 


At Synthane we have the versatility to give 
you just about everything you want in lami- 
nated plastic tubing or parts. Over 25 stand- 
ard grades including those complying with 
governmental specifications. Sizes 34’’ ID up 
to 2614” OD. Lengths 18” to 96”. Wide range 
of wall thicknesses. Selection of colors and 
finishes. Molded and rolled tubing. Variety of 
cross sections—round, oval, square, polyg- 
onal, etc. Our excellent fabrication facilities 
provide you with finished parts to your 
specifications. 


You-shaped Versatility makes Synthane a Better Buy in Laminates 


SYNTHANE] 


S 
CORPORATION >} OAKS, PENNA. 


Synthane Corporation, 3 River Rd., Oaks, Pa. 








Gentiemen: 
Please send me information about Synthane as a source for 
laminated plastic tubes and parts fabricated from tubes. 


Name 





Address. 
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with 


METALLIZED 
CARBON-GRAPHITE 


BEARINGS + RINGS + GUIDES 
METALLIZED CARBON 


Now you can obtain all the advantages 
of carbon-graphite PLUS the added 
strength and long life of metal reen- 
forcement. METALLIZED CARBON com- 
ponents are being successfully used in 
pumps, meters, ovens, conveyors and 


PROPERTIES 

* SELF-LUBRICATING 
OIL-FREE 

* LOW COEFFICIENT 
OF FRICTION 

* NON-CONTAMINATING 

* CORROSION RESISTANCE 

* CURRENT CARRYING 

* EXTREME TEMPERATURES 
—1!00°F to 1000°F 

* WILL NOT WARP, SWELL 
STICK OR GUM 

* OPERATES AT HIGH SPEEDS 
DRY OR SUBMERGED 


processing equipment. 


& g& 


Our engineering department will 
gladly make prompt recommendations 


19 SOUTH WATER ST OSSINING, NEW YORK 
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sheets, 
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plast ics 


cellophane 
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in sheets and rolls 
up to 72" wide 
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has the special- 
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yr quality 


and fair 


wr perfo 
DUSTRIES 
d know-h 
you're looking fc 
delivery; 


Whatever yo 
FORATING IN 


ized equipment an 
job. Rely on us if 


workmanship, prompt 


° 1 7 
pricing. rite today for our free — 





Perforating 
industries, Inc. 
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DESIGN WITH SAFETY...IN ALL SHAPES AND SIZES! 


Armco Steel Corp. ¢ 

The Babcock & Wilcox Co., Tubular Products Div. ¢ 
The Carpenter Steel Co., Alloy Tube Div 

Jones & Laughlin Steel Corp., Electricweld Tube Div. # 
National Tube Div., United States Steel Corp 
Ohio Seamless Tube Div., Copperweld Stee! Co 
Republic Steel Corp., Steel and Tubes Div 
Revere Copper & Brass Inc., Rome Mfg. Co. Div 
Sawhill Tubular Products, Inc 
Southeastern Metals Co. 
The Standard Tube Co. 
Superior Tube Co. 
Trent Tube Co., Subs, Crucible Steel Co. of America 
Union Steel Corp. 
Van Huffel Tube Corp 
Wall Tube & Metal Products Co. 
Clayion Mark & Co, 


PRODUCES WELDED STAINLESS STEEL TUBE 
¢ PRODUCES WELDED CARBON STEEL TUBE 


i 
i 


Regardless of the shape or size, when you specify domestically-produced 
welded steel tubing, you are assuring uniformity. Wall thicknesses are uni- 
form, concentricity exact. In a rotating part, the result is a better, safer, 
vibration-free operation. In other applications, the welded steel tube gives 
you the same design strength as bar stock, with less weight. 

The quality producers at left are prepared to help you design with 
tubing in all weldable grades of carbon, stainless steel and other alloys. You 
can get useful information from any of them or you can write for your free 
Booklet 8591, Dept. MD-3, Welded Steel Tube Institute, Inc., Hanna Building, 
Cleveland 15, Ohio. It will pay in uniformity, safety, and savings in weight. 


| WELDED STEEL TUBE INSTITUTE, ne. 


For more information, turn to Reader Service card, circle No. 336 
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Coming in October . .. 


1961-62 MATERIALS SELECTOR 


‘The year s biggest boon to those time-pressed engineers, 
designers, and other technical men who select and specify 
engineering materials, forms and finishes! This new 
MATERIALS SELECTOR is bigger and better than last 


year’s edition. 


All editorial pages in the MATERIALS SELECTOR are in 
data sheet form to provide you with quick comparisons of 
properties and applications of hundreds of metals; non- 
metallics; forms and shapes; and finishes and coatings. 
Keep the SELECTOR on your desk for ready reference. 


You'll find it a real time saver. 


The MATERIALS SELECTOR is available to Materials in 


Design Engineering subscribers only. 


Materials In Design Engineering 


A Reinhold Publication 


430 Park Avenue - New York 22, N. Y. 





KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with basic 
facts about alloy steels. Though much of the information is 
elementary, we believe it will be of interest to many who may 
find it useful to review fundamentals from time to time. 


di 


. for Strength 
Economy 


Determining the Proper 
Depth of Case in Alloy Steels 


In one of the recent articles in this 
series we discussed the carburizing 
of alloy steels, pointing out that the 
purpose of carburizing is to provide 
a hard, abrasion-resistant outer shell 
or “‘case.”’ Such a discussion natu- 
rally gives rise to the question, 
What factors influence the choice of 
case? Should it be shallow? Medi- 
um? Deep or extra-deep? 

While it is not always wise to 
formulate hard-and-fast rules, the 
following may be used as a general 
yardstick: 

Shallow cases (less than 0.02 in.). 
Suitable where wear-resistance alone 
is the chief requirement, and where 
good surface condition after heat- 
treating is advantageous. Not suit- 
able if high stresses are apt to be 
encountered in service. 

Medium cases (0.02 to 0.04 in.). 
For high wear-resistance. Will stand 
up under substantial service loads 
and stresses. The thickness is suffi- 
cient to permit certain finishing 
operations, such as light grinding. 

Medium-to-deep cases (0.04 to 
0.06 in.). For high wear-resistance. 
A case in this depth range is essen- 
tial where continuing friction is 
involved, especially friction of an 
abrasive or semi-abrasive nature. 
It is also a good precautionary 


measure where application of the 
finished part may sometimes in- 
volve crushing action. 

Extra-deep cases (more than 0.06 
in.). Cases of this depth can be 
obtained by extending the furnace 
time in pack carburizing. Highly 
wear-resistant, extra-deep cases also 
withstand shock and impact. A large 
camshaft of an internal-combustion 
engine is a good example of a part 
requiring the extra-deep case. This 
is especially true of the cam lobes 
themselves. 

If you need advice concerning 
case-hardened parts, let us arrange 
for one of our metallurgists to assist 
you. Bethlehem engineers are al- 
ways on call, and you can depend 
on their recommendations. And you 
can depend on Bethlehem, too, when 
you need alloy steels; for Bethlehem 
makes the full range of AISI stand- 
ard grades, as well as special-analysis 
steels and all carbon grades. 


This series of alloy steel advertise- 
ments 1s now available as a compact 
booklet, ‘‘Quick Facts about Alloy 
Steels.’’ If you would like a free copy, 
please address your request to Publi- 
cations Department, Bethlehem Steel 
Company, Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. — Export Sales: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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TO BOND 
SANDWICH 
CORE 

USE 
METLBOND 406 


today’s most advanced 
metal-fastening 
adhesive system 


METLBOND 406 is a large-area, one-component, low-pressure, IMPORTANT | ean epersting temp compe —430F to +200F 
t 
dry, epoxy-based adhesive system. METLBOND 406 will bond CHARACTERISTICS ees cman bore phones 9 5500 psi 
similar or dissimilar metals faster, cheaper, better. No core or (in.-Ibs. per 3-in. width) 125 
- s i OF METLBOND A dual-purpose adhesive system which can be used 
SKIN primer is requirec to bond metal-to-metal, or core-to-skin with equal 
406 effectiveness 


METLBOND 406 IS EASY TO USE. It can be cut, placed in 
position, and cured with low pressure, at moderate tempera IT FILLETS 
tures. Since it is a non-supported system, there is no fabric FILLETING CLINGS AND 
carrier. Therefore, during cure, it flows goes where you ACTION OF SEALS OFF 
want it! For most structural metal-joining operations, use EACH 
METLBOND 406—the ‘‘educated’’ adhesive. It can measur METLOGOND Ss 

CELL WALL 
ably cut your fabrication costs 


DIVISION NARMCO INDUSTRIES, INC 
ssioiaryor TELECOMPUTING CORPORATION 
: ; 600 VICTORIA STREET, COSTA MESA, CALIF - LIBERTY 8.1144 - - 
NARMCO -— for high-performance materials. Formulators of a 
Structural and Industrial Adhesives - Reinforced Plastic Laminating 
Materials - Ablative and Molding Compounds - Insulating Compounds 


For more information, turn to Reader Service card, circle No. 407 


TEMPERATURES 


for 


©@ Research Seven Revco cabinets, both chest and 
upright styles, are available. Capacities 
© Storage range from 1.5 to 6 cu. ft. in chests and 
© Seasoning to 22 cu. ft. in uprights. Units provide 
: temperatures to —140° F. control- 
. Testing lable within + 1°. Optional accessories 
are offered. Immediate delivery on 
‘ all units. 
PLASTIC EXTRUSIONS...ANY SHAPE OR SIZE | -— | gift Yout FREE copy of the helpfel 
Ace is one of America’s leading mass producers of plastic extrusions . ae por nel % inane ma 
and all types of precision parts. Any shape, form or color. Any type : ; ‘ Se at te; 
of plastic. Small runs or large runs. Huge stocks A eet a Industrial Products Div 
for immediate delivery. Quick, low-cost service on aaa —— 
specials. Write, wire or call for samples, price lists 8 A 
and technical bulletins. heid higan 


SINCE 1934 


Deer M 
ja 


aim ad-tigiel-ie-lalelamee iia 


EXTRUOERS 


ACE PLASTIC COMPANY 91.48 VAN WYCK EXPWY -JAMAICA 35. N.Y 


For more information, turn to Reader Service card, circle No. 367 For more information, turn to Reader Service card, circle No. 429 
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SILICONES 
= 


GOING INTO HUNDREDS OF PRODUCTS 
WHICH NEED THE THERMAL STABILITY, 
LONG LIFE, CONSTANT VISCOSITY 
AND COMPRESSIBILITY OF 


eneral Klectric Silicone Fluid 











Extreme temperature lubricants For high tempera- 
ture lube applications, General Electric silicone 
lubricating fluid Versilube F-50 gives unmatched 
thermal and oxidative stability over the tempera- 
ture range of —100°F to 600°F. Its lubricity is 
unequalled at temperatures as high as 600°F, 
and comparable to other fluids in the moderate 
ranges. Excellent hydrolytic stability. Not corro- 
sive to common metals, 


Dielectric coolants The extreme long life and ther- 
mal stability of G-E silicone fluids make them 
ideal as heat transfer media. Fluids of the SF-97 
series can be pumped over a wide temperature 
range and will last indefinitely at 300°F in the 
presence of air, and more than 500 hours at 
570°F in the absence of air. Further benefits in- 
clude low volatility, chemical inertness, resistance 
to oxidation, and high dielectric strength. 








Compressible fluids This liquid spring, which uti- 
lizes the compressibility of G-E silicone fluids, 
can do the same work as a conventional spring 
five times as heavy. All G-E silicone fluids have 
relatively constant viscosity over wide tempera- 
ture ranges, and high-temperature stability. Vis- 
cosities range from 5 to 100,000 centistokes at 
25°C. Ideal for hydraulic fluids, fluid drives, 
dashpots, and dampers. 


For more information, circle No. 382 


The benefits of General Electric silicone fluids find uses in hundreds of products, from jet engines to 
suntan lotions. To learn more about these versatile, problem-solving fluids, write: General Electric 
Company, Silicone Products Dept., Section 8647, Waterford, New York. 


GENERAL @@ ELECTRIC 
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by H.R. = The 
Testing 
Lag 


@ “It is known that the uniformity, correctness 
and correct employment of measures and meas- 
uring devices is a matter of great importance 
for the national economy, since the use of in- 
correct measures and measuring devices causes 
unproductive losses, leads to an increase in pro- 
duction rejects, and to an incorrect assessment 
of material values.” This is a quote from N. S. 
Khrushchev’s address to the 21st Congress of 
the Communist Party of the Soviet Union. 
For once, most of us will agree with Mr. 
Khrushchev. Our ability and competence in test- 
ing and measuring the properties and perform- 
ance of materials is of critical importance to the 
technological and industrial progress of a nation 
whether it be Russia or the United States. 


Taking Stock 


Let’s assess, then, the status of our testing 
activities as they relate to engineering materi- 
als. Are testing developments keeping pace with 
the developments of new materials? Are the 
tests adequate to predict how materials will 
perform in new and increasingly stringent en- 
vironments? Are the measurements accurate 
and reliable enough to provide the design data 
needed? 

Unfortunately. the answer to all of these 
questions is emphatically no. As the special re- 
port, “New Directions in Materials Testing,” 
(p 117) clearly shows, our tests are seriously 
inadequate to meet our materials application 
and research needs. 

It is true that a sizeable share of this testing 
lag is due to the formidable problems faced. But 
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perhaps a more important cause of the lag is 
our failure to realize the fundamental impor- 
tance of testing. 


Not Enough Attention 


This lack of appreciation of testing’s vital 
role, has led us to pay too little attention to it. 
Too often we try to make do with existing tests 
that are not at all suitable for new materials. 
Too often we have been tardy in adopting new 
developments in electronic technology. Too often 
we have remained oriented towards “destruc- 
tive” tests instead of investigating the as yet 
unrealized potentialities of nondestructive test- 
ing. And too often we have failed to make use 
of the new mathematical tools for designing 
our test programs and for making our results 
more meaningful. 

But perhaps most important of all is our 
failure to develop a unified approach. There 
exists a kind of anarchy in the testing field 
today. For the most part each testing problem 
is tackled independently. C. J. Wessel in his 
article (p 125) says: “testing for effects of en- 
vironmental! deterioration on materials has been 
scattered, unorganized and unrelated . . . each 
investigation has proceeded without thought of 
its relation to similar investigations by others 
on related materials or problems.” Similar com- 
ments could be made about all other property 


areas. 


What to Do 

What then can we do about this testing lag? 
First, we should raise testing to a level of 
higher importance in our engineering scheme of 
things. Second, we should make sure that our 
present empirical tests take full advantage of 
the advances being made in the sciences, in en- 
gineering, and in mathematics. And third, as 
suggested by several authors in the special re- 
port, we must increase our efforts to find ways 
to obtain materials behavior data at the micro- 
scopic levels from which we can accurately ex- 
trapolate engineering properties. 
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polypropylene 


= 


Vacuum formed—another AviSun first! The Reg-U- 
Temp Personal Sitz Bath (patented), manufactured 
by Harlan M. Buck, Inc., is the first commercial 
application of vacuum formed polypropylene. Vacu- 
um formed by Speck Plastics from CAMPCO sheet 


in this Sitz Bath 
/ 








ils toughness: 


Only polypropylene has the stamina to 
meet this tough hospital requirement. It 
can be autoclaved at 250° F. Shrugs off 
soap solutions, cleaning compounds ot 
alcohol. Light-weight, yet resists rough 
handling or dropping. Smooth, easy-to- 
clean surface—warm and pleasant to the 
touch. Low cost—makes “personal” sitz 
bath possible—multiplies hospital sitz 


bath facilities. 


Polypropylene makes better products at lower 


cost. No other material has this combination 
of properties: 

1. Heat Resistance 

2. Toughness 

3. Chemical Resistance 


4. Economy 


AviSun’s technical 
specialists will gladly 
assist you with spe- 
cific applications— 
write, or phone 
LOcust 8-5520. *a trademark of AviSun Corp 


Mail coupon for technical information 


AVISUN CORPORATION 
Dept. 445, 1345 Chestnut St. 
Philadelphia 7, Pa 


Send me Booklet AP-601 covering full tech- 
nical information on AviSun Polypropylene. 


NAME 
(Please Print) 


COMPANY 


ADDRESS 


For more information, turn to Reader Service card, circle No. 332 
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are top. 
quality 4 4 
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stainless grades, up to 11” 
> O.D.and with wall 


WHEN YOU BUY TIMKEN® 
STEEL PRESSURE TUBING, 
you're sure of fine forged 
quality in the tube itself and 
an exceptional inner sur- 
face that assures maximum 
tube life per dollar. 

For almost every condition 
of corrosion, pressure or 
temperature, there’s a 
Timken seamless steel pres- 
sure tube. Timken seamless 
tubing is available in all 


common carbon, alloy and 


thickness up 

to 34". 
Our expert 
metallurgists 
will be happy 
to work with vou 
to help vou select the one 
tube that will give vou 
maximum tube life per 
dollar. The Timken Roller 
Bearing Company, Steel and 
Tube Division, Canton 6, 
Ohio. Cable: “Timrosco”, 
Makers of Tapered Roller 
Bearings, Fine Alloy Steel 


and Removable Rock Bits. 


TIMKEN 
in STEEL 


For more information, turn to Reader Service card, circle No. 365 























